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ABSTRACT 
Mechanically deboned chicken meat (MDCM) was prepared from backs and necks 
of freshly slaughtered birds. Samples were then subjected to aqueous washings at various 
pH conditions using water, 0.5% NaCl or NaHC03• Approximately 73.9% of the total 
hemoprotein pigments and 52.1% of total lipids were removed by washing with a sodium 
bicarbonate solution which resulted also in the best colour improvement in the products. 
Extraction of these components with water and NaCl solution was less effective. The 
yield of proteins ranged from 58.1% after one washing with water to 41.7% after washing 
with water and then with a sodium bicarbonate solution. The amino acid content and 
protein efficiency ratio (PER) values of washed meats, calculated by an amino acid 
scoring methodology, were comparable to those of unwashed MDCM. 
The concentration of flavour precursors, namely free amino acids and inosine 5'-
monophosphate was decreased by over 50% in the washed samples. Similarly, the 
content of nucleic acids and cholesterol in the corresponding washed samples was reduced 
by 60.5 and 42.3%, respectively. A slight increase in the content of polyunsaturated fatty 
acids of phospholipids and content of phospholipids was also noted in the washed 
MDCM. The cook yield of washed MDCM was enhanced, while a decrease in sulphydryl 
groups and a proportionate increase in disulphide bonds due to washing was noted. The 
oxidative stability of washed raw products was less than their unwashed counterpart, 
s 
however, the cooked washed meats were more resistant to lipid oxidation than the 
unwashed sample during a 2-week storage at 4 °C. 
ii 
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CHAPTER 1 
INTRODUCTION 
Poultry meat constitUtes approximately 20% of the meat consumption in the North 
American diet. Increased popularity of marketable chicken as cut-up parts provides a 
considerable amount of less preferred parts which include backs and necks, and these are 
usually processed by mechanical deboning. Mechanical deboning involves separation of 
bone residues from tissue producing a paste-like product, known as mechanically deboned 
chicken meat (MDCM). The small particle size of such meat makes it suitable for use 
in emulsion-type products. Mechanically deboned poultry meat (MDPM) is used as the 
main ingredient in meat products such as bologna, pimento bologna, frankfurters, patties, 
cutlets and diced products. However, inclusion of heme and lipid components from bone 
marrow increases the content of hemoprotein pigments in MDCM, up to three times 
higher than those in their manually deboned counterparts (Froning and Johnson, 1973; 
Pikul and Niewiarowicz, 1988). Higher hemoprotein content in MDCM results in a 
darker colour of the products. However, there is a preference for preparation of products, 
such as nuggets from white chicken meat. Hemoprotein pigments are also known to 
catalyze lipid oxidation (Lee eta/., 1975) which hastens the development of undesirable 
flavours during storage of meat. The content of cholesterol and nucleic acids is also 
elevated in MDCM due to inclusion of bone marrow and spinal cord components. The 
dark colour and poor keeping quality of MDCM, due to higher contents of hemoproteins 
and lipids, has hindered the widespread use of MDCM in value-added product 
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formulations. 
Although the nutritional quality of MDCM is comparable to that of manually 
deboned meats, drawbacks inherent in it necessitates improvement in the quality of 
MDPM. Young (1975) extracted proteins from MDCM with an aqueous solution at pH 
7.0 and an ionic strength of 0.5; the solubilized proteins were recovered by reducing the 
pH and the ionic strength of the slurry to 4.5 and 0.2, respectively. Centrifugation of 
de boned meat/water slurry has been shown to reduce the content of pigments and fat and 
lipid oxidation of MDCM as reflected in 2-thiobarbituric acid (TBA) values (Froning and 
Johnson, 1973). Hernandez et al. (1986) investigated the effect of aqueous washing under 
different pH conditions on mechanically deboned turkey flakes and found that increasing 
the pH of the phosphate solution used for washing increased Hunter L (lightness) and 
decreased Hunter a (redness) values. Lin and Chen (1989) were able to partially remove 
lipids and pigments from MDPM by washing with NaCl or phosphate buffers at pH 8.0. 
Dawson et al. (1988) also reported that washing of MDCM with 0.5% bicarbonate 
solution improved the colour of products better than washing with water or a 0.1% acetate 
buffer. Aqueous washing of MDCM may provide raw materials which could have 
potential applications in a wide range of product formulations. 
2.1 Chicken production 
CHAPTER2 
LITERATURE REVIEW 
Meat is a major source of protein in human nutrition. Poultry meat, mainly 
chicken, contributes to consumers a substantial part of the muscle protein supply. In 
Canada, the 1991 chicken production was approximately 575 million kg carcass weight 
(Statistics Canada, 1991). This would in turn provide 7% (40.2 million kg) necks and 8% 
(46 million kg) backs. However, only 90% of necks and 10% of backs are available for 
mechanical deboning since the remainder of necks and backs are sold as cut-up parts 
(Burke, 1992). The 1991 production of chicken in Newfoundland was 7 million kg which 
represents about 1.2% of the total national production (Statistics Canada, 1991). The 
production of chicken meat in the United States is approximately 10 times that of Canada. 
2.2 Meat deboning 
The potential recovery of residual meat from bones and fish frames began in Japan 
and provided an opportunity for better utilization of recoverable meat. Although the 
technology has improved tremendously, the mode of action of the early Japanese fish 
deboner of the 1950s is still the basis of today's deboning technology. Mechanical 
deboners for poultry were developed in the 1950s in the United States (Field, 1988). 
Today, deboned products are a well developed segment of the meat industry in Canada 
and the United States of America. 
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2.2.1 Types of deboning processes 
A further processing step beyond production of cut-up poultry parts is that of 
boneless products. Generally speaking, deboning as practised in the industry today falls 
into two categories: hand deboning and mechanical deboning. The chicken breast and 
thighs are usually hand deboned. This may involve stripping the breast muscles and skin 
from carcass on eviscerating lines (Hamm et al., 1982). This process is called hot 
stripping of meat. Hot deboning which involves the removal of breast and thigh muscles 
and skin after normal evisceration but prior to chilling results in meat which lacks 
tenderness and this greatly limits potential uses of such meats. A considerable amount 
of poultry is cooked prior to hand deboning, especially with mature hens where large 
muscles are kept relatively intact so that they can be chilled and diced for use in soups, 
salads, or for freeze drying which is generally used for dehydrated soup mixes (Stadelman 
et al., 1988). 
Production of mechanically deboned red meat (MDRM), mechanically deboned 
poultry meat (MDPM) and minced fish is commonplace. MDRM refers to mechanically 
deboned beef, pork, lamb and mutton (Field, 1988). For poultry, mechanical deboning 
is usually employed for recovery of meat residues from parts left after hand deboning. 
Whole carcass and less preferred bony parts of chicken such as necks and backs may also 
be used. MDPM is a comminuted product of chicken or turkey which has been processed 
through an automatic deboner. Utilization of poultry meat has increased with the use of 
• 
5 
deboning machines. 
2.2.2 Mechanical deboners 
Various types of mechanical de boners for processing of poultry parts may be used. 
The process involves breaking of bones into smaller pieces or grinding followed by 
forcing the meat through a fme screen or slotted surface. The deboned meat which 
emerges from the machine is a finely ground, paste-like, product while the bone particles 
except the very small ones are excluded and expelled as waste. Such bone waste may be 
used as a component of animal feed, fertilizer or as raw material for production of protein 
isolates (Froning, 1981; Lawrence eta/., 1982). Two types of deboners are usually used. 
The sieve-type deboner requires the bones to be preground in a bone grinder. The 
bone material is forced into the drum separator containing microgrooves that allows the 
meat to pass through into the inner portion of the drum as bone and connective tissue are 
retained in the outer part of the drum. The Beehive (Beehive Machinery Inc., Sandt, 
Utah) deboner belongs to this group. The press-type deboner is hydraulically powered 
and presses batches of meat with bones attached without grinding against a stationary 
slotted or grooved surface. The meat and fat are squeezed out through screens or along 
microgrooves, while bone is retained and then ejected. Examples of the press-type are 
the Hydrau (Hydrau BV, OSS, Holland) and Protecon (Protecon BV, OSS, Holland) 
de boners. 
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2.3 Product yield 
In general, yields of meat upon deboning are influenced by the amount of muscle 
attached to the bones to be mechanically separated, the type of deboner and setting. Like 
hand deboning, bones with higher amounts of meat attached give higher yields. Yields 
of MDPM from various parts of the carcass usually range from 55 to 70% depending on 
the part being deboned (Field, 1988). The proportion of bone to meat in the original 
product to be deboned, the design of the deboning equipment and size of the orifices 
through which the meat is forced are factors also influencing the product yield. Vadehra 
et al. (1972) reported that most of the equipment available then for deboning gave yields 
from 40 to 60% meat and the residue contains 63% moisture, 14 to 16% protein, 12 to 
14% lipid and 4 to 5% ash. Ahnet al. (1981) reported that deboning of domestic broilers 
and spent layers after primary hand deboning gives a yield of 45% ofMDCM (fable 2.1). 
The yield of deboned meat may also be affected by the deboner settings. Kumar and 
Wismer-Pedersen (1983) obtained a yield of 87% deboned product at a particular setting 
and 10% less yield using a reduced pressure setting. 
2.4 Structural characteristics and composition of MDPM 
The shearing action of the mechanical deboning process causes considerable 
cellular and tissue disruption. The deboned meat is therefore a finely ground, paste-like, 
product in which the myofibrils are highly fragmented (Froning, 1981). Some of the 
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Table 2.1 Yield of meat from deboned chicken carcasses (%)1• 
Sample HDCM2 MDCM3 Total 
Broiler 33.0 49.5 82.5 
Spent layer 36.6 40.8 77.4 
Average 34.7 45.2 79.9 
Adapted from Ahnet al., (1981). 1Meat yield(%)= (Deboned meat/carcass weight)x100. 
2HDCM, Hand deboned chicken meat. 
3MDCM, Mechanically deboned chicken meat. The parts left after hand deboning were 
mechanically deboned. 
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problems experienced with MDPM are related to the loss of integrity of myofibrils during 
the deboning process. 
In a study on the ultrastructure of MDPM using a deboner with screen sizes of 
0.1575, 0.1016 and 0.0508 em, Schnell et al. (1974) reported that the characteristic size 
of the myofibrils was altered by the smaller screen sizes. Breaks were observed at the 
Z or M bands, indicating that the shearing process reduces the length of the myofibrils. 
Vadehra and Baker (1970) also examined the structure of deboned meat histologically and 
observed no intact muscle fibre in commercially deboned necks and backs. New models 
of mechanical deboners have been developed which produce de boned meat with adequate 
texture when used as a primary ingredient in meat balls, nuggets and patties (Stadelman 
et al., 1988). 
The proximate composition of MDPM varies considerably with the type of raw 
material used, the design of the deboner and procedures adopted for processing (Keshri 
et al., 1981). However, Orr and Wogar (1979) reported that the source of raw material 
has a greater influence on the composition of MDPM than the deboning machine used. 
Therefore, one reason for the changing composition of MDPM may be due to the raw 
material that is used for production of MDPM. At the onset of poultry deboning, only 
those parts left after portioning of the cut-up parts were mechanically deboned (Harnm 
and Young, 1983). These parts mcluded the narrow back bone strips and necks, with or 
without skin, and possibly wing tips. The whole bony skeleton or any combination of 
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bony parts may be used as raw material (Hamm and Young, 1983). 
Various authors have reported variability in the composition of commercial 
MDPM. Many investigators have reported a lower protein and a higher fat content in 
mechanically deboned meat as compared with manually deboned meat (Froning eta/., 
1971; Grunden et a/., 1972; Froning and Johnson, 1973). Essary and Ritchey (1968) 
noted that mechanically deboned turkey light meat contained 15.0% fat, 13.3% protein 
and 67.5% moisture, whereas, dark meat resulted in a product with 12.4% fat, 11.8% 
protein and 70.2% moisture. The moisture content of MDPM is usually higher than in 
manually deboned products since the deboning process involves compression of the raw 
material, which favours the extraction of moisture from bone marrow along with the 
deboned meat (Grunden et al., 1972). MacNeil eta/. (1978) reported the compositional 
data of MDCM obtained from different parts of chicken. The moisture, protein, lipid and 
ash contents were found to vary with the parts used for deboning. The composition of 
deboned products may also be influenced by the skin content of the raw material. 
Satterlee et al. (1971) observed that as the skin content on chicken broiler backs increased 
in relation to muscle and bone content, the fat content of deboned meat increased while 
the moisture and protein content decreased (Table 2.2). Various authors have reported 
that the ash content, which is an indication of the amount of minerals, varies with the 
source of raw material, type of deboner and age of bird. Hamm and Young (1983) 
reported a 0.5% increase in the ash content of MDPM as compared with that of the hand 
deboned samples. 
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Table 2.2 Effect of skin content prior to deboning on the chemical composition 
ofMDCM1• 
Skin content Moisture Fat Protein Collagen 
% % % % mg/g meat 
0 66.1 15.3 14.5 11.8 
16.8 59.8 24.6 12.0 12.3 
28.9 55.8 29.8 11.4 10.9 
38.9 53.7 33.6 10.2 11.8 
1Adapted from Satterlee et al., (1971) and Froning et al., (1973). The total content 
of moisture, fat and protein in samples was 95.9-97.5%. Content of minerals was 
not reported. 
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2.5 Minerals, vitamins and bone content of MDPM 
The mineral content and composition of MDPM have been of concern to 
consumers. Considerable research has been done to determine the type and quantities of 
minerals present in MDPM. Mast et at. (1982) found a variation in calcium content 
(ranging from 0.12 to 0.35%) of mechanically de boned broiler backs and necks depending 
on the type of deboning machine used, but found no significant differences in proximate 
composition of products. Murphy et at. (1979) and Grunden and MacNeil (1973) found 
a higher level of calcium in mechanically deboned spent fowl than that present in younger 
birds. This reflects the higher degree of fragmentation of bones of older birds during 
de boning thereby resulting in an increased level of bone particles. Several other minerals, 
especially the heavy metals, have been studied because of their health-related and safety 
implications. Murphy et at. (1979) have concluded that these minerals do not pose any 
health hazard to humans when present in MDPM. Essary (1979) also analyzed several 
minerals from various types of MDPM and the levels detected were found to be safe for 
human consumption. He also observed a wide variation in mineral content of 
mechanically deboned broiler parts and noted that all elements analyzed were higher in 
mechanically deboned turkey meat (MDTM) than hand deboned broiler meat. Calcium 
and magnesium were present at four and two times higher amounts, respectively, in 
MDTM. The higher calcium content in MDTM could be attributed to a higher percentage 
of bone in turkey as compared to chicken meat. However, the mineral content in these 
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meats were at levels that are not considered unsafe for human consumption. Higher 
levels of calcium in MDCM (53-91 mg/100 g) as compared with those in hand-deboned 
samples (17-34 mg/100 g) has been reported (Ang and Hamm, 1982). These authors also 
reported a higher iron and a lower copper level in mechanically deboned as compared 
with hand deboned necks. The apparent lower copper content in MDCM may be due to 
the dilution effect caused by incorporation of additional fat into the product and the 
increased iron content is perhaps due to the increase in the hemoprotein content of 
MDCM. Increased iron content in MDCM might make such meat more prone to 
rancidity development during storage as metal ions are known catalysts of lipid oxidation. 
The content of vitamins in MDPM was first reported by Ang and Hamm (1982). 
They found that MDCM (with skin) contained far less vitamin B6, niacin and pantothenic 
acid and slightly less thiamine than did manually deboned broiler breast and thigh meat. 
The necks and back meats, however, contained more riboflavin than breast meat while 
there were no significant differences in the levels of these vitamins in mechanically 
deboned samples as compared with corresponding manually deboned meat. The storage 
effects on thiamine and riboflavin content of MDCM and its further processed products, 
frankfurters and bolognas, were evaluated by Ang (1986). There was little loss of these 
vitamins during storage of products at 2 or -18 oc for up to 180 days. 
The possible presence of bone fragments in MDPM is also of concern (Froning, 
1981). Studies, however, indicate that bone fragments in MDPM are smaller than in hand 
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deboned meat (Froning, 1979) and their presence in meat products should not pose any 
undue problems. Sizes of bone fragments in MDCM from uncooked fowl have been 
reported to be smaller than when the birds were cooked prior to mechanical deboning 
(Froning eta/., 1981). 
2.6 Hemoprotein content and colour characteristics 
The bone marrow is another component affecting the fmal composition of MDPM. 
This component of the chicken carcass contains substantial quantities of hemoglobin 
which is released during mechanical deboning (Froning, 1981). Consequently, 
hemoproteins are present in elevated amounts in mechanically deboned meats as 
compared with their manually deboned counterparts. Froning and Johnson (1973) 
observed that mechanical deboning of whole carcasses tripled the hemoglobin content of 
the resultant deboned fowl meat. Pikul eta/. (1988), however, reported varying amounts 
of heme pigments in samples obtained from different chicken parts as well as deboning 
procedures. The total hemoprotein content in the samples ranged from 2.8 to 4.2 mg/g. 
Larger amounts of pigment were present in MDCM from carcass frames after removal 
of breast and leg muscles. This was attributed to the presence of a higher percentage of 
bones, and hence hemoproteins, in the starting material. 
The high levels of hemoprotein present in MDCM results in products which have 
a dark colour. Shortly after deboning, hemoglobin from the marrow and myoglobin from 
14 
the muscles are in the form of oxyhemoglobin and oxymyoglobin as a result of 
oxygenation. The high amounts of these compounds in freshly produced MDPM can 
become a problem during storage because they are oxidized to produce brown, green and 
grey colours (Janky and Froning, 1975). The resultant dark meat is less desirable as an 
ingredient for restructured meat products which may require a light-coloured meat source 
(Froning, 1976). Hemoproteins are also catalysts of lipid oxidation in MDCM (Lee eta/., 
1975), hence MDCM is more susceptible to lipid oxidation than manually deboned 
chicken meat Incorporation of high amounts of skin in MDCM has been reported to 
result in a significant decrease in the total heme pigment and a lighter meat is produced 
due to dilution of pigments in the deboned meat (Froning eta/., 1973). 
2. 7 Amino acid composition and protein quality 
The protein quality of MDPM must be maintained if it is to replace hand deboned 
meats in various products. Several studies have been carried out to investigate the protein 
quality of MDPM. The amino acid levels in MDPM were similar to those of the starting 
material or to manually deboned meat (Essary and Ritchey, 1968; Hamm and Young, 
1983; Sarwar et a/., 1985). However, Sarwar et a/. (1985) reported that manually 
deboned breast and leg meats contained more essential amino acids, less hydroxyproline 
and had higher protein quality in contrast to MDPM from necks, backs and frames which 
generally had similar compositions as those in the starting materials. Satterlee et al. 
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(1971) and Field and Riley (1974) reported that collagenous proteins from skin and 
tendon are largely removed during mechanical de boning of raw meat, leaving only 2-4% 
in the mechanically processed meat. Different deboner settings influenced the level of 
collagen in the deboned products. This was also reported by Kumar and Wismer-
Pedersen (1983) who observed a higher collagen content in MDCM produced from a 
reduced pressure setting as compared with product obtained using a higher pressure 
de boner setting, indicating extrusion of collagenous tissues in MDCM at reduced pressure 
settings. 
Biological evaluation of protein quality of MDPM as expressed by protein 
efficiency ratio (PER) has been reported by various authors. Although there were slight 
variations in the PER values obtained in different studies, the protein quality of MDPM 
was generally comparable to that of hand deboned meat and a standard casein sample. 
MacNeil et al. (1978) reported that the PER values of raw mechanically deboned broiler 
meat were comparable to a standard casein diet. They reported PER values of 2.65 and 
2.47 for skinless necks and a combination of skinless necks and backs, respectively. 
Results indicated that deboned meat from skinless necks was superior to meat from 
skinless backs. The difference in PER values was thought to originate from differences 
in the content of total lipids and alteration of proteins due to rancidity. The effect of 
antioxidants on PER values of MDPM has also been investigated. Turkey samples treated 
with an antioxidant had a significantly higher PER value than the 2.5 for standard casein. 
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Samples devoid of antioxidants had a lower value, possibly due to protein alteration 
caused by rancidity. 
Lee et al. (1978) reported a marginal difference in PER values of hand deboned 
chicken meat and MDCM, but in contrast, cooked MDCM showed a lower PER value 
than that of a cooked hand deboned chicken. This is a result of a higher collagen content 
in cooked MDCM than its cooked manually deboned counterpart. The lower PER may 
be attributed to gelatinization of the chicken skin during cooking and its subsequent 
greater extrusion with meat during mechanical deboning. Similar results were obtained 
in mechanically deboned fowl meat where higher content of nonessential amino acids in 
cooked samples were noted (Babji et al., 1980). However, the amino acid levels of 
MDCM reported by these authors were comparable to the FAO/WHO provisional scoring 
amino acid patterns (Table 2.3). The total content of amino acids reported by these 
authors was 103 g/100 g protein. Possible explanations for this overestimation have been 
provided by Regenstein and Regenstein (1984). Sulphur-containing amino acids (cystine 
and methionine) and lysine were also reported to be lower in the cooked MDCM as 
compared to its raw counterpart. These amino acids are heat labile and are easily 
degraded at elevated temperatures. Studies on protein quality of MDPM indicated that 
mechanical deboning of poultry meat does not lower the protein quality in the deboned 
products. Hence, MDPM can be used in processed meat formulations without 
compromising protein quality. Use of appropriate deboners which meet government 
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Table 2.3 Amino acid content of mechanically deboned chicken meat (MDCM) and the 
FAO/WHO provisional amino acid scoring patterns, g/100 g protein. 
Amino acids Raw MDCM1 FAO/WH02 
Essential: 
Isoleucine 3.91 4.00 
Leucine 7.99 7.04 
Lysine 11.29 5.44 
Methionine + Cystine 3.98 3.52 
Phenylalanine + Tyrosine 7.28 6.08 
Threonine 4.78 4.00 
Tryptophan 1.12 0.96 
Valine 4.05 4.96 
Histidine 3.12 ... 
Nonessential: 
Alanine 7.37 ... 
Glycine 7.43 ... 
Proline 4.93 ... 
Serine 4.51 ... 
Aspartic acid3 9.75 ... 
Glutamic acid' 15.32 ... 
Arginine 6.34 ... 
1 MDCM (Mechanically deboned chicken meat from backs and necks). Adapted from 
Babji et al., (1980). 
2 Food and Agricultural Organization/World Health Organization, (1973). A factor of 6.25 
g of protein/g of nitrogen was used for converting nitrogen to protein. 
3Determined as aspartic acid + asparagine. 
4Determined as glutamic acid + glutamine. 
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regulations and standards will lower the collagen and skin contents of MDPM and hence 
improve the protein quality of the deboned products. 
2.8 Cholesterol content 
Cholesterol is a minor food component which many consumers of animal products 
are often concerned about because of its association with cardiovascular disease (Gur, 
1984). Inclusion of the spinal cord in MDPM results in elevated cholesterol content of 
such products in contrast to their manually deboned counterparts. Moerck and Ball 
(1974) reported that the cholesterol content of raw MDPM from chicken backs and necks 
was 560 mg/100 g, while Jantawat and Dawson (1979) reported 74 mg cholesterol/100 
g fowl meat. Ang and Hamm (1982), however, investigated the effect of deboning on the 
cholesterol content of broiler parts and reported it to be 95 mg/100 g in mechanically 
deboned samples from whole backs. This was about 14% higher than that in the hand 
deboned meat from the same parts. This increase was attributed to the 
inclusion of both the back fat and the spinal cord in the mechanically deboned samples. 
Schuler (1985) found that the cholesterol levels in MDPM from necks range from 134 to 
148 mg/100 g with the higher value being from necks with skin attached. MDCM 
obtained from chicken parts with no spinal cord had a lower amount of cholesterol. 
Deboned meat from chicken backs and breasts contained 98 and 97 mg cholesterol/100 
g samples, respectively. The cholesterol content of manually deboned chicken breast has 
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been reported to be 67 mg/100 g (Feeley et al., 1972). A United States Department of 
Agriculture (USDA) panel charged with the analysis of the health and safety aspects of 
mechanically deboned meat, however, reported the cholesterol content of MDCM ranged 
from 28 to 202 mg/100 g tissue (Kolbye et al., 1977). Various workers have reported 
that the cholesterol content of mechanically deboned muscle foods to be 68 mg/100 g for 
cod (Krzynowek et al., 1984), 99 mg/100 g for seal (Shahidi and Synowiecki, 1991) and 
153 mg/100 g for beef (Kunsman et al., 1981). 
2.9 Nucleic acids 
Bone marrow is the main site of blood cell formation and this, therefore, accounts 
for the high content of nucleic acids, which are involved in protein synthesis. This results 
in elevated amounts of nucleic acids in mechanically deboned meats as compared with 
their manually deboned counterparts. The purine moieties of nucleic acids are degraded 
to uric acid which has low solubility under physiological conditions (Waslein et al., 
1968). The high level of nucleic acids may therefore pose a health risk to gouty 
individuals who produce high levels of uric acid due to an inborn error of metabolism. 
Limited data is available on the nucleic acid/purine content of MDPM. Murphy 
et al. (1979) concluded that deboned products did not present any health hazard at any 
level in terms of their purine content They found that total purine content of MDPM did 
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not differ from that of manually deboned meat Their data also showed that 
hypoxanthine was actually lower in MDPM than in hand deboned products, and adenine 
in MDPM did not differ from that of hand deboned meat. However, Young (1980) 
reported higher levels of purines expressed per unit nitrogen in mechanically deboned 
broiler meat as compared with conventional broiler tissues. Total nucleic acid levels have 
also been reported to be higher in mechanically deboned beef, veal (Savaiano eta/., 1983) 
and seal meat (Synowiecki and Shahidi, 1992) as compared with their manually deboned 
counterparts. Arusa et al. (1981) reported elevated nucleic acids in bone marrow which 
increased the amounts of these compounds in mechanically deboned beef as compared 
with their manually deboned counterpart. Young (1985) assessed the nucleic acid and 
purine content of the bone residues of poultry from a mechanical deboning machine. He 
found that the levels of these compounds per gram protein in bone residues was the same 
or lower than those in edible meat. Therefore, recovered protein from bone residues of 
poultry may be used, without any concern, in food formulations. 
2.10 Functional properties 
Functional properties are those physical and chemical properties which affect the 
behaviour of proteins and other components in meat system during processing, storage, 
preparation and consumption (Kinsella, 1982a). These characteristics influence the quality 
and sensory attributes of foods and hence are most important in determining the 
21 
usefulness of proteins in food systems. Proteins contribute significantly to the functional 
behaviour and quality of foods and with the increased interest in processed and formed 
meat products, greater importance is being placed on the functional properties of the 
protein components. The most important functional properties of meat protein are 
solubility, emulsification capacity, gelation and water-binding (Kinsella, 1982b). 
Emulsified meat products prepared from MDPM are influenced by the formation 
of a continuous matrix throughout the product which is mainly due to its protein 
components. Formation of a matrix determines the texture, juiciness and general 
mouthfeel of products (Kinsella, 1982a). Emulsifying, binding and gelling properties of 
muscle proteins following processing and cooking are generally considered important 
(Schmidt eta/., 1981). 
Water holding capacity (WHC) also plays an important role in the processing, 
storage, cooking and freezing of meat because it relates to weight loss and quality of the 
finished product (Field, 1988). The WHC of MDPM is enhanced because these products 
have a higher pH than the hand deboned meat Increases in pH are due to the 
incorporation of red marrow, which has a pH in the range of 6.8 to 7.4 (Field, 1981). As 
the pH of meat is increased, WHC increases as minimum WHC occurs at pH 5.2-5.5 
because protein molecules contained within the filament systems attract each other and 
squeeze out water molecules; whereas, above this pH range, there is a repulsion between 
different protein molecules and this allows entrapment of water in the protein network 
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which results in their swelling (Asghar and Pearson, 1980). The term "water retention 
properties" may be used in place of WHC. The water retention properties fall into two 
categories: (1) Expressible moisture (EM) which is a measure of actual loss of moisture 
from a sample due to application of force, for example, pressing in a hydraulic press or 
centrifugation. (2) Water-binding potential (WBP) which measures the maximum amount 
of water that a sample can hold when excess aqueous solution was added, at a paticular 
set of solution and centrifugation conditions (Regenstein and Regenstein, 1984). 
The relationship between the source and type of mechanically deboned poultry 
parts and functional properties has been studied. The proportion of skin remaining on the 
necks and backs following cutting and trimming has been implicated to influence the 
functional properties of MDPM. Froning et al. (1973) reported that presence of larger 
amounts of skin resulted in a significant decrease in emulsion stability of MDPM. 
However, Ahnet al. (1981) reported that emulsifying capacity of MDCM was only 70% 
that of its hand deboned counterpart, but a higher emulsion stability was noticed 
(expressed per g of protein). This was attributed to a higher proportion of salt-soluble 
proteins in MDCM. Mast et al. (1982) studied the effect of different deboning machines 
(Paoli, Beehive, Yieldmaster and Protecon) on functional characteristics of MDCM and 
found that meat from Protecon and Beehive machines had a higher emulsifying capacity 
and produced the most stable emulsions. Water holding capacity of the deboned meat 
was also affected by type of deboning machine used as meat obtained from the Paoli 
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deboner retained the highest percentage of the original moisture. 
Orr and Wogar (1979) reported that MDCM produced from necks and backs and 
from various industrial sources exhibited significantly different emulsifying capacity, 
water holding capacity, emulsion stability, fat and moisture content. Functional attributes 
of meat are also influenced by the relative proportion of connective tissue and 
myofibrillar proteins in the meat system. McMahon and Dawson (1976) determined the 
amount of salt-soluble proteins in hand deboned and mechanically deboned turkey meat. 
The percentage of salt-soluble proteins was somewhat lower in mechanically deboned 
meat than in hand deboned products, while emulsification capacity was superior in the 
hand deboned meat. However, water holding capacity measured as % moisture loss 
during heating and water binding capacity expressed as the % swell due to absorbed 
water, were higher in mechanically deboned meat as compared to its hand deboned 
counterpart. 
Schnell et al. (1973) observed that increasing the amount of skin added to a 
frankfurter formula increased the fat content, tenderness and viscosity, and decreased 
emulsion stability. In a related study, Mayfield et al. (1978) utilized a temperature-
controlled, capillary extrusion viscometer to compare meat batters prepared from MDPM. 
Batters with higher protein content (12%) were more viscous and had better emulsion 
stability than those containing less protein. Viscosity of the meat batter also increased 
with higher levels of fats, but less stable batters were encountered at high fat levels. 
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Brown and Toledo (1975) studied the relationship between chopping temperature 
and fat and water binding in comminuted meat batters. They reported an inverse 
relationship between fat and water binding. The maximum binding occurred at a 
temperature range of 15-22 °C. Increases in the amount of lipid originating from marrow 
in MDCM can also influence emulsion properties because bone marrow lipid has more 
polyunsaturated fatty acids with a lower melting point than lipids in hand deboned meat 
(Moerck and Ball, 1973). However, Maurer (1973) reported that mechanically deboned 
broiler backs and necks have similar emulsifying capacities when compared with their 
hand deboned counterparts. Furthermore, a combination of mechanically deboned spent 
hen backs, necks and wings and hand deboned breasts, legs and thighs gave high 
emulsifying and water holding capacities, and hence it may be desirable to use such a 
combination in emulsion products (Maurer, 1973). Cooking losses in processed meat 
products are usually influenced by water holding capacity and emulsifying capacity 
parameters. Mast and McNeil (1976) demonstrated that certain functional properties of 
MDPM, such as emulsifying capacity and water holding capacity, were impaired at higher 
temperatures such as those encountered in heat pasteurization. 
2.11 Lipid oxidation 
2.11.1 General overview 
Lipid oxidation is a major cause of quality deterioration of meat especially during 
storage. Oxidative reactions are responsible for changes in colour, flavour, texture and 
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nutritional value due to destruction of vitamins A, D and E and essential fatty acids (e.g., 
linoleic acid) in both fresh and cooked muscles (Dziezak, 1986). These reaction are 
generally catalyzed by many factors which include oxygen, heat, light, heavy metals, 
pigments and alkaline conditions. Oxidation of bright red oxymyoglobin leads to the 
formation of undesirable brown metmyoglobin pigments. Muscle lipids can also undergo 
oxidation during storage leading to the formation of rancid odour and flavour in products. 
Autocatalytic oxidation of lipids involves a free radical chain mechanism which 
involves the three stages of initiation, propagation and termination. While hydroperoxides, 
the primary products of lipid oxidation, are odourless and tasteless, their breakdown 
products such as aldehydes, ketones, alcohols, esters, furans and lactones (Frankel, 1984) 
are responsible for the occurrence of off-flavours in oxidized lipid-containing foods. Some 
of the secondary oxidation products may also be toxic (Pearson, 1981). 
2.11.2 Factors affecting the oxidative stability of MDPM 
2.11.2.1 Lipid composition and hemoproteins 
Mechanically deboned meats are more susceptible to lipid oxidation because of 
the high proportion of unsaturated lipids present in the bone marrow and an increased 
hemoprotein content as compared with hand deboned meat. In addition, increased 
aeration during the deboning process and greater cell disruption and increased contact of 
meat lipids with prooxidants (such as metals and hemoproteins) may also hasten oxidative 
deterioration of MDPM (Moerck and Ball, 1974; Froning, 1981). Schnell et al. (1971) 
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studied the effect of particle size of MDCM on the oxidative state of products. Oxidation 
of MDCM increased substantially for samples with the smallest particle size and this was 
attributed to greater cell disruption and release of heme pigments as well as larger surface 
area and hence increased exposure to oxygen during the preparation steps. 
lgene et al. (1980) showed that both neutral triacylglycerols and phospholipids are 
involved in quality deterioration of meats; however, phospholipids were most affected. 
Meanwhile, sensitivity of neutral lipids to oxidation was dependent on their degree of 
unsaturation and the length of frozen storage. Moerck and Ball (1974) also reported that 
the phospholipid fraction was the major substrate of autoxidative deterioration in MDPM 
due to incorporation of high levels of unsaturated fatty acids from bone marrow lipids. 
Siegel and Latimer (1971) reported that chicken bone marrow contains high levels of 
unsaturated fatty acids. Moerck and Ball (1973) also reported higher chain length 
phospholipids in bone marrow as compared to other tissues, with linoleic and arachidonic 
acids as the predominant polyunsaturated fatty acids. 
The catalytic effect of heme compounds on lipid oxidation of meat systems is now 
a generally accepted phenomenon (lgene et al., 1979), however, some heme derivatives 
may possess antioxidant properties (Kanner et al., 1980; Shahidi et al., 1987). An attempt 
to characterize the mechanism of lipid oxidation in MDCM was made by Lee et al. 
(1975). They found that the catalytic effect of MDCM homogenate was greater at neutral 
and alkaline pH and concluded that hemoproteins were the predominant catalysts of lipid 
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oxidation. However, they also suggested that the extent of lipid oxidation occurring in 
muscles may be influenced by the ratio of hemoprotein to unsaturated fatty acids. At a 
low linoleate to hematin ratio, inhibition of lipid oxidation occurred. 
The high pressure conditions necessary for mechanical deboning may increase 
contact with metals of the equipment and higher temperatures caused by frictional forces 
may result in increased oxidation of both heme and lipid components (Froning, 1981). 
Mast et al. (1982) reported that MDPM obtained from different deboners showed different 
patterns of oxidative stability during storage. Barbut eta/. (1989) further reported that 
higher head pressure types of mechanical deboner resulted in lower fat and higher iron 
content than lower pressure types and products obtained from the former had the slowest 
rate of oxidation. Pikul and Niewiarowicz (1988) also reported that oxidative changes of 
MDCM were most intensive in samples which contained more heme pigments and iron 
than samples which contained lower amounts of these components during 23 wk of frozen 
storage at -18 °C as indicated by significant differences in peroxide numbers after 5 wk 
and malonaldehyde concentrations after 9 wk, of these two groups of samples . 
2.12 Control of lipid oxidation 
2.12.1 Use of antioxidants 
Due to the rapid deterioration of MDCM due to lipid oxidation, several 
investigators have attempted to maintain desirable flavour attributes using various 
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antioxidants. Antioxidants can help retard lipid oxidation in both hand deboned and 
mechanically separated meats. Without antioxidants, 2-thiobarbituric acid (TBA) values 
for both products rose dramatically between 1 and 5 wk of storage at 4 oc (Field, 1988). 
Froning (1973) observed a retardation in lipid oxidation of deboned fowl meat obtained 
from carcasses which were chilled in 6% commercial polyphosphate (Kena®) in ice slush 
overnight prior to mechanical deboning. The deboned meat had lower TBA values than 
the control after 2 mo storage at -29 °C. The commercial polyphosphate protected the 
product against oxidative changes during the deboning cycle and subsequent frozen 
storage. In a study of a number of potential antioxidants, MacNeil et a/. (1973) noted 
that rosemary extract, sodium polyphosphate, and butylated hydroxyanisole (BHA) 
together with citric acid were effective antioxidants in simulated MDPM (85% meat and 
15% skin and flavouring compounds). Sensory and TBA results were used to assess 
antioxidant capabilities of the additive systems used. They concluded that compounds 
tested were effective in retarding lipid oxidation and the use of a 0.01% rosemary extract 
improved flavour of simulated MDPM. 
Moerck and Ball (1974) reported that addition of Tenox II (20% BHA + 6% 
propyl gallate+ 4% citric acid in propylene glycol) at 0.01% of fat content of MDPM 
extended the induction period of lipid oxidation at 4 °C. Samples treated with Tenox II 
had lower TBA values than the untreated samples. Several studies have shown that BHA 
and t-butyl hydroquinone (TBHQ) reduced oxidative rancidity in ground beef, pork and 
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restructured beef/pork steaks (Greene et al., 1971; Chastain et al., 1982; Shahidi eta/., 
1987; Wheeler et al., 1990). The TBA value of the treated samples was always less than 
1.0 mg malonaldehyde equivalents/kg meat over the test period (5 wk at 4 oc or 153 days 
at -20 °C). 
Although synthetic antioxidants have been used successfully to retard lipid 
oxidation and warmed-over flavour (WOF) development in meat systems, consumers' 
concern about the use of synthetic chemicals in foods has led to studies on potential 
application of antioxidants from natural sources. Resurreccion and Reynolds (1990) 
recently studied the effect of natural tocopherols and extracts of rosemary on oxidative 
stability of chicken and pork frankfurters and reported that these antioxidants were as 
effective as BHA/butylated hydroxytoluene (BHT) in retarding lipid oxidation in the 
products. Sodium tripolyphosphate/oleoresin rosemary has also been reported to 
effectively retard oxidative degradation of polyunsaturated fatty acids in chicken nuggets 
during frozen storage (Lai et al., 1991). 
2.12.2 Effect of C02 and N2 cooling and vacuum packaging 
A considerable amount of heat is generated with the use of certain mechanical 
deboners and this may initiate lipid oxidation and the development of rancid flavour. Use 
of C02 or N2 by processors to chill and freeze MDPM has been practiced (Cunningham 
and Mugler, 1974). However, an improved model of the Protecon deboner which utilizes 
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a plate and press of reduced width has been produced. Use of this equipment results in 
less meat coming in contact with the machine and hence reduces heat build-up in the 
deboned meat (Stadelman et al., 1988). 
Uebersax et al. (1977) precooled MDCM with "C02-snow" using a tumbling 
process. This process, however, enhanced lipid oxidation while vacuum packing of 
MDCM significantly retarded it. It has also been observed that deboned meat mixed in 
air and C02 had higher TBA values than those found in the control meat which was 
mixed under nitrogen (Uebersax et al., 1978). Mast et al. (1979) also observed that C02 
may contribute to the development of oxidative rancidity in MDPM as evidenced by 
elevated TBA and peroxide values. Jurdi et al. (1980) also reported that high-fat MDCM 
exposed to 100% C02, 30% C02 or air and held at -20 oc for 2 mo had higher TBA 
values over the storage period, but meat held under N2 had consistently lower TBA 
values. These authors also observed that a N2 atmosphere was most effective in retarding 
oxidative rancidity when samples were stored at 5 °C for 10 days. Liquid N2 and C02 
"snow" were used by MacNeil and Mast (1980) to chill mechanically deboned spent layer 
meat which was then held either at 2 oc for 8 days or at -18 oc for up to 6 mo. C02-
treated meat was found to have a higher TBA value than liquid N2-treated sample stored 
at 2 oc for 8 days, however, no differences in TBA values for samples stored at -18 oc 
were evident. On the other hand, Barbut et al. (1990) reported that rapid freezing of 
MDCM with C02 immediately after deboning did not adversely affect the rate of lipid 
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oxidation unlike the use of C02 for prechilling. McNeill et al. (1987) studied the effect 
of modified atmosphere on oxidative stability of frozen MDPM. They reported that both 
vacuum packaged and N2-blended meats were more resistant to lipid oxidation than the 
control without modified atmosphere. Jantawat and Dawson (1980) investigated the effect 
of N2 or C02 gases and vacuum packaging on MDCM and mechanically deboned turkey 
meat (MDTM) frozen at -18 °C. They also reported that vacuum and N2 packaged 
samples gave significantly higher unsaturation ratios and lower TBA numbers than C02 
packaged samples. Use of modified atmospheres such as N2, although they retard lipid 
oxidation during storage, do not work as well as freezing of samples immediately after 
such gas treatment. 
2.13 Microbiological properties 
The mechanical de boning process causes considerable maceration of meat resulting 
in smaller particle sizes with increased surface area and release of cellular fluids rich in 
nutrients, which provide a suitable medium for bacterial growth. In addition, improperly 
cleaned and maintained equipment, temperature increase due to friction generated during 
deboning and higher pH values of MDPM than those of hand deboned meats may 
promote microbial growth (Swingler, 1984; Chant et al., 1977). Therefore, proper storage 
conditions such as immediate freezing of MDPM to retard proliferation of microorganisms 
in MDPM is necessary. 
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Ostovar eta/. (1971) have pointed out that the microbiological quality of deboned 
meat may deteriorate if the carcass parts are not kept cold and deboned soon after 
removal from the carcass. These workers estimated total counts, faecal coliforms, 
Salmonellae, Clostridium peifringens, coagulase-positive Staphylococci and 
psychrotolerant microorganisms in MDCM from broiler necks and backs, whole fowl and 
turkey racks. Freezing resulted in a substantial reduction of faecal coliforms. In a related 
study, Maxcy et at. (1973) found that similar microorganisms were present in frozen and 
fresh MDPM and hand deboned products with Bacillus species as the dominant bacteria. 
The microbial quality of such products remained essentially the same during storage at 
-20 oc for 7 wk. The levels of aerobic organisms and the incidence of Clostridium 
perfringens, vegetative cells and spores in mechanically deboned chicken backs and necks 
stored at -23 °C was investigated by Lillard (1977) who reported that frozen storage 
significantly reduced the incidence and levels of vegetative cells and spores but did not 
affect the level of aerobic organisms. It was concluded that good handling procedures 
and adequate cooking temperatures prevent any undue hazard in using MDPM in food 
products. Moreover, when raw materials originate from more than one plant, special 
attention should be paid to handling procedures employed. 
Studies have been done on possible ways of prolonging the microbial shelf-life of 
MDPM. Pasteurization and use of antioxidants (rosemary spice extract, BHA and citric 
acid) were reported to have lowered bacterial counts in MDPM and hence extended their 
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shelf-life (Young and Lyon, 1973; Mast and MacNeil, 1975; MacNeil eta/., 1973). C02 
and N2 have been observed to have repressive effects on total aerobic and anaerobic 
bacterial numbers, respectively (Jurdi et al., 1980). Lactic acid bacteria (LAB) which 
repress bacterial activity by means of acid production, hydrogen peroxide formation, 
antibiotics and bacteriocin secretion, have also been reported to control spoilage and 
pathogenic organisms in cooked MDPM (Raccach and Baker, 1978a, 1978b). Studies on 
microbial quality of MDPM have concluded that good manufacturing practices and strict 
quality control program including good sanitary/ hygienic conditions are important criteria 
which eliminate any microbial problem in products. 
2.14 Methods of improving the quality of MDPM 
Although MDPM is used in emulsified and other processed meats, attempts have 
been made to improve the quality of MDPM in order to allow its wider utilization in 
formulated meat products. These modifications are aimed at improving functional and 
physicochemical properties of MDPM. Several methods, including centrifugation, pH 
adjustment and salt preblending, pasteurization, use of LAB, mechanical mixing/thermal 
binding, use of vegetable proteins, extrusion and texturization, and surimi processing have 
been considered in order to achieve the above objectives. 
Centrifugation of MDPM has been reported to improve emulsion characteristics, 
water retention capacity and flavour stability of the meat (Froning and Johnson, 1973; 
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Dhillon and Maurer, 1975a, 1975b). Partial removal of heme components and lipids are 
probably responsible for the improvement of flavour stability, and better emulsifying 
properties of products and these effects may be related to the higher protein and lower 
fat contents in the centrifuged meat fraction. 
Studies have also been done on modification of MDPM through pH adjustment 
and/preblending with salts. These conditions enhanced emulsion stability of the prepared 
products (Froning and Janky, 1971). Use of salt preblending in conjunction with pH 
adjustment to improve the emulsifying ability could also be considered. pH adjustment 
of the meat from 5.0 to 8.0 increases binding of meat particles in broiler loaves (Maesso 
eta/., 1970a). Use of MDPM, preblended with salt, as a sausage component produced 
products with improved firmness and chewiness as compared with those using MDPM 
without salt preblending (Jantawat and Carpenter, 1989). 
Pasteurization and addition of LAB have been reported to improve microbial 
stability of MDPM. Mast and MacNeil (1975) demonstrated that heat pasteurization 
greatly reduced bacterial levels of MDPM and hence its shelf-life. Raccach (1977) 
reported that lactic acid starter cultures, Pediococcus cerevisae and Lactobacillus 
plantarum repressed psychrotrophic bacterial population. The LAB were found to be 
effective inhibitors of three Pseudomonas species in cooked MDPM and lowered TBA 
values during storage at 3 oc for 7 days (Raccach and Baker, 1979). 
Mechanical mixing was reported to promote the formation of sticky exudates, 
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which functioned as an excellent binder (Aref and Tape, 1968). Similar results were 
obtained by Maesso et a/. (1970a,b). However, Schnell et a/. (1970) stated that the 
binding of meat was a complex heat-mediated phenomenon involving a summation of 
water binding capacity and/or water holding capacity, protein solubility and cell 
disruption. It has also been reported that frankfurters containing up to 30% heated 
MDPM were satisfactory based on sensory and physical evaluation. However, 
incorporation of higher levels of MDPM in products resulted in inferior quality due to 
loss of emulsifying and binding ability of proteins denatured in the heating process 
(Young and Lyon, 1973). However, MDPM is used at 100% level in some meat products 
(Dawson eta/., 1989). 
Research interest during the past two decades has been directed towards improving 
the functional properties of MDPM and to give products shape and form by mixing them 
with various textured soy protein ingredients or by using extrusion processing. Use of 
processed plant proteins in meat products is governed by existing regulations. Isolated 
soy protein (ISP) has good functional properties related to emulsification, fat-binding, 
water-absorption, adhesiveness and gelation. ISP could be used at a level of 2% in 
sausages in the United States (Pomeranz, 1985). Addition of ISP enhances shear force 
and resistance to chewing, dilutes pigments, improves moisture retention and reduces 
oxidation due to antioxidant effects of soy and/or lower fat content of the soy/meat blend 
as compared to products with no soy protein (Kumar and Wismer-Pedersen, 1983). Lyon 
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et al. (1981) observed that poultry rolls containing 1-2% isolated soy protein (ISP) and 
10 or 20% MDPM exhibited higher cook yield than rolls with ISP but without MDPM. 
As the level of MDPM increased from 0 to 20%, rolls became darker, redder and more 
yellow, as indicated by objective colour measurements, however, the cook yield increased 
by only 2%. 
Attempts have also been made to texturize MDPM which would offer advantages 
for use in a variety of fabricated products. Extrusion processing of proteins with heat and 
pressure is widely used. Acton (1973) carried out a study on texturization of MDPM by 
particulate binding of tissue using a dry-heat process. Water holding capacity of the 
texturized meat strands measured as the amount of retained 0.06M NaCl solution by the 
meat strands after centrifugation, increased as texturization time increased. In an earlier 
study, Acton (1972) found that binding strength development during processing of meat 
loaves correlated well with denaturation and loss of extractability of the salt-soluble 
proteins. Megard et al. (1985) investigated the restructuring of MDCM by high 
temperature short time (HTST) extrusion cooking. They concluded that it was possible 
to continuously compress and texturize mechanically deboned meat in twin-screw cooking 
extruders. Alvarez et al. (1990) also used a twin-screw cooking extruder to restructure 
MDCM in combination with three nonmeat binders: com starch, ISP and wheat gluten, 
at concentrations of 10-30%. They found com starch to be the best binder for the 
products which were evaluated. It was also reported that fat content and lipid oxidation 
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decreased as extrusion temperature increased. 
2.15 Washing of minced meats and preparation of surimi-like products 
Surimi is a Japanese term for mechanically deboned fish flesh that has been 
washed with water and mixed with cryoprotectants for long frozen shelf life (Lee, 1984). 
It is widely marketed as a highly functional protein ingredient used in the manufacture 
of a variety of seafood analogues (Lanier, 1986). However, the myofibrillar proteins in 
the washed mince will lose their functional properties rapidly once they are frozen, hence 
cryoprotectants are used to prevent muscle proteins from denaturation during frozen 
storage. The cryoprotectants generally include 4% sugar, 4-5% sorbitol and 0.2-0.3% 
polyphosphate (Babbitt, 1986). Washing plays an important role in removing undesirable 
matter such as blood, fat, and odorous substances and concentrates actomyosin, thus 
improving the gel-forming characteristics of surimi. Surimi is a wet concentrate of the 
myofibrillar proteins of fish which possesses enhanced gel-forming, water-holding, fat 
binding and other functional properties relative to minced fish (Okada, 1992). In the 
manufacturing of surimi-based products, the raw or frozen surimi is ground with salt and 
other ingredients, then extruded or composite-moulded depending upon the form of final 
product desired, and fmally heat processed to set the shape, develop the texture, and 
pasteurize the product (Okada, 1992). Flavouring compounds are also added during 
processing in order to impact adequate taste to seafood analogue formulations. The 
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traditional Japanese kneaded foods called "Kamaboko" and imitation shrimp, scallop and 
crab meat products are made from surimi. The surimi technology has enabled the 
production of protein products from underutilized species such as Alaska pollock (Lee, 
1984; Lanier, 1986; Pigott and Tucker, 1990). 
Surimi production could be extended to MDPM in order to prepare products with 
low fat, low hemoprotein and a light-colour. Use of aqueous and saline solutions at 
various pH conditions in the washing of MDPM has been reported by various authors. 
Washed MDPM so obtained had a lighter colour and reduced amounts of lipid and 
pigment (Hernandez eta/., 1986; Dawson eta/., 1988; Lin and Chen, 1989; Shahidi et 
a/., 1992). 
Ball and Montejano (1984) first reported the washing of MDPM with tap water. 
They also used 0.5% NaHC03 solution in the alkaline pH range to extract fat and 
pigments from MDPM. Hernandez eta/. (1986) tested the washing of MDTM with 
0.04M phosphate buffer solutions (pH 6.4-8.0) and then recovered and dewatered the 
washed meat on a cheese cloth. The washed MDTM was lighter and less red in colour 
as the pH of the washing solution increased. Phosphate buffer (pH 8.0) was most 
effective in removing the pigments. A similar method was reported by Elkhalifia eta/. 
(1988) using 0.03M potassium phosphate buffer (pH 5.8, 7.4 and 8.0) and 0.02M sodium 
acetate buffer (pH 5.2) in washing turkey thigh tissues. The latter products were lighter 
in colour and had improved water holding capacity due to the removal of sarcoplasmic 
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proteins. The use of washing procedure involving NaHC03 solution was reported by 
Dawson et a/. (1988, 1989) who investigated the washing of MDCM in a pilot-scale 
study. They reported that the procedure, with a protein yield of 15.8%, was effective in 
removing fat and pigments from MDCM. Incorporation of spray-dried egg white 
(SDEW) to washed MDCM enhanced moisture and protein content of the products as 
compared with its unwashed MDCM gels (Dawson eta/., 1990a). These researchers also 
reported an increase in cook yield and decreased deformability of the gels when 7.5% 
SDEW was incorporated. 
In a more recent study, Dawson eta/. (1990b) reported the changes in the neutral 
and phospholipid fractions of MDCM due to washing, cooking and storage. They 
observed that MDCM readily oxidized during storage at 4 °C. In particular, fatty acids 
of phosphatidylethanolamine (PE) and phosphatidylcholine (PC) + 
lysophosphatidylethanolamine (LPC) oxidized more readily than the other phospholipid 
fatty acids. Yang and Froning (1992) reported that washing of MDCM with 0.5% 
NaHC03 solution upon filtration and screen sieving (0.85 mm mesh) gave a yield of 
18.7% of the original MDCM, on a dry weight basis. The meat captured on the screen 
contained 2.5 times more myofibrillar protein and 3.0 times more connective tissues than 
its unwashed counterparts. The washed meat that passed through the screen sieve 
contained 9.2 times more myofibrillar protein and 3.0 times less connective tissues than 
the unwashed MDCM, on a dry weight basis. However, none of these studies on aqueous 
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washing of MDPM has focused on possible loss of nutrients such as minerals and 
vitamins and flavour precursors in the washed MDPM. 
OBJECTIVES OF THIS STUDY 
The objectives of this study were: (1) To determine the most suitable aqueous 
washing medium that would effectively extract fat and heme pigments from MDCM. 
(2) To examine the effect of aqueous washing on yield, compositional and functional 
characteristics and colour quality of washed MDCM. (3) To assess the effect of washing 
on the removal of minerals and flavour precursors in MDCM. (4) To assess the effect 
of washing o.n the oxidative stability of MDCM. 
3.1 Sample preparation 
CHAPTER 3 
MATERIALS AND METHODS 
Samples of mechanically deboned chicken meat (MDCM) were prepared from 40 
day-old birds (Arbor acre) after removing of skin from backs and necks, using a Poss 
deboner model PDE 500 (Poss Limited, Toronto, Ontario) at a setting of 8 (maximum-
10). Removal of skin from poultry parts prior to mechanical deboning is routinely 
practised by several processors in Canada, including J.M Schneider Inc. (Horizon Poultry, 
(Kitchener, Ontario) and Newfoundland Farm Products Corp. (St. John's, Newfoundland). 
Other sources of MDCM were legs and backs, and breast and backs which were prepared 
as above. Preparation of MDCM was carried out on 6-12 h post mortem carcass portions 
at the Newfoundland Farm Products Corporation and J.M. Schneider Inc., (Horizon 
Poultry, Kitchener, Ontario). The hand de boned chicken meat (HDCM) from breasts, 
necks and backs, and legs and backs were ground twice using a Braun Multipac meat 
grinder (Braun Inc., Frankfurt, Germany) with 3 mm holes size plate. Samples were then 
stored at -20 °C for up to 2 wk and then thawed at +4 oc for 12 h before use. 
Samples of MDCM prepared from necks and backs were washed two times. The 
first washing used water and the pH of the meat-water mixture was 6.9; the second 
washing used water (pH of mixture 5.2 or 7.2) or a 0.5% solution of either NaCl 
(pH=6.9) or NaHC03 (pH=7.8). In another set of experiments, the pH of the meat-water 
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mixture was adjusted to 5.2 using a 5% (v/v) acetic acid solution. Each washing was 
carried out at 2 oc for 10 min while stirring manually. The ratio of the extraction 
solution to meat was 3:1 (v/w) unless otherwise specified. Washed meats were then 
filtered through three layers of cheese cloth with 1 mm size holes. Each washing was 
replicated three times using MDCM from meat prepared on the same and different days. 
These samples were used for analyses. Since there were small and non-significant 
variations in data obtained on different days, the data of only one sample was reported. 
MDCM from necks and backs was used in all experiments. For the oxidative stability 
studies, other types of MDCM and HDCM were used for comparison. 
3.2 pH measurement 
pH measurements were carried out using a Fisher Accumet pH meter model 
805MP (Fisher Scientific Co., Montreal, Quebec) by immersing a combination electrode 
into the meat-solution mixture (1:3, w/v) or solution whose pH was to be determined. 
3.3 Proximate composition 
3.3.1 Moisture content 
Approximately 3-4 g of MDCM was accurately weighed into a preweighed 
aluminium dish and placed in a forced-air convection oven (Fisher Isotemp 300, Fair 
Lawn, New Jersey) which was preheated to 105±1 °C. Samples were held at this 
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temperature overnight or until a constant weight was obtained. The moisture content was 
calculated as the percent ratio of the weight difference of the samples before and after 
drying to that of the original material (AOAC, 1990). 
3.3.2 Crude protein 
Approximately 0.3-0.4 g of sample was accurately weighed on a nitrogen-free 
paper and placed in a digestion tube of a Biichi 430 digestor. The nitrogen content in 
different samples was determined by digestion in 20 mL of concentrated H2S04 in the 
presence of two Kjeltab catalyst tablets (Profamo, Dorval, Quebec) in the digestor until 
a clear solution was obtained. Digested samples were diluted with 50 mL of distilled 
water followed by addition of 150 mL of a 25% (w/v) NaOH solution. Nitrogen in the 
samples was converted to ammonia which was steam-distilled (Biichi 321) into a 4% 
(w/v) H3B03 solution (50 mL) containing a few drops of end point indicator (EM Science, 
Gibbstown, New Jersey). Approximately 200 mL of distillate was collected. The content 
of ammonia in the distillate was determined by titrating it against a 0.1N standardized 
H2S04 solution (AOAC, 1990). The crude protein content in the sample was calculated 
as %N x 6.25. 
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3.3.3 Determination of total lipids 
Total lipids were extracted with a mixture of chloroform and methanol as 
described by Bligh and Dyer (1959). Approximately 25 g of sample was accurately 
weighed and then extracted with a mixture of 25 mL chloroform and 50 mL methanol 
(1:2 v/v) by homogenizing for 3 min with a Polytron homogenizer (Brinkmann 
Instruments, Rexdale, Ontario) at speed level 4. A further extraction was done with the 
addition of 25 mL chloroform followed by homogenization. About 25 mL of distilled 
water was added and the mixture was then filtered through a Buchner funnel using a 
Whatman filter paper No 3 (Fisher Scientific Co.). The filtrate was separated overnight 
in a separatory funnel. Dilution with chloroform and water resulted in separation of 
homogenate layers and inclusion of lipids in the chloroform. A 10 mL aliquot of the lipid 
extract in chloroform, after drying over anhydrous sodium sulphate, was transferred into 
a tared 50 mL round bottom flask and the solvent was removed under vacuum using a 
Biichi RE 111 rotavapor (Biichi Laboratoriums, Switzerland). The flask was then placed 
in a forced-air convection oven at 80 °C for 1 h. After cooling in a desiccator, the lipid 
content was determined gravimetrically. 
3.3.4 Ash content 
Approximately 3-4 g of sample was weighed into a cleaned porcelain crucible and 
then charred over a Bunsen burner and subsequently placed in a temperature controlled 
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muffle furnace (Blue M Electric Co., Blue Island, illinois) which was preheated to 550 
°C. Samples were held at this temperature until a grey ash was produced and then cooled 
in a desiccator and weighed immediately. Ash content was calculated as percent ratio of 
the weight of the ash obtained after ignition to that of the original material (AOAC, 
1990). 
3.4 Content of hemoproteins 
The total hemoprotein pigments were determined as their hemin equivalents 
according to the method of Homsey (1956). About 4 g of sample was homogenized with 
20 mL acetone/water/concentrated HCl 8.0:1.1:0.2 (v/v/v), for 2 min using a Brinkmann 
Polytron homogenizer (speed level 4). The homogenate was centrifuged for 10 min at 
2000 x g using an IEC clinical centrifuge (Fisher Scientific Co.), and the residue was 
further homogenized in 20 mL acetone/water/concentrated HC140:9:1 (v/v/v) for 1 min. 
Supernatants from both centrifugations were combined and incubated in the dark for 1 h. 
The solution was filtered through Whatman No.3 filter paper and diluted to 100 mL with 
the latter solvent mixture. Absorbance (A) was read at 640 nm against a blank of 
acetone/water/HCl, using a Hewlett Packard diode array spectrophotometer model 8452A 
(Montreal, Quebec). Total hemin content in 10 g of meat extracted into 50 mL of 80% 
acetone was calculated as ~ x 680, where 680 is a factor derived from the extinction 
coefficient of acid hematin in 80% acetone (Homsey, 1956). The factor 680 was 
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corrected when a different amount of meat or extraction solution was employed. The 
total hemoprotein pigments was calculated from hemin content. 
Total hemoprotein pigments (mg/g sample) 
= [Hemin content (mg/g sample)/MWhemin] X MW myoglobin 
where: MW myoglobin = 17,500 
MWhemin = 616.5 
The content of myoglobin (Mb) and hemoglobin (Hb) in MDCM was determined 
according to Warris (1976). Hemoprotein pigments were extracted from 20 g of MDCM 
in 185 mL of ice-cold 0.04M phosphate buffer at pH 6.8 by homogenizing the sample 
with a Polytron homogenizer (speed level 4) for 75 s. The extract was incubated for 1 h 
at 4 °C, followed by centrifugation at 2000 x g for 15 min using an IEC clinical 
centrifuge. The extract was tiltered through Whatman No. 3 tilter paper and a few mg 
of potassium ferricyanide (Fisher Scientific Co.) were added to convert the pigments to 
their more stable cyanomet derivatives. About 10 mL of the extract was set aside for 
determination of total pigment concentration and the remaining solution was frozen and 
kept at -20 °C. The frozen extracts were allowed to thaw at 4 oc until about 15 mL of 
liquid was formed. The extracts, both the original unconcentrated sample and the 
preconcentrated solution, were then clarified by centrifugation at 30,000 x g for 60 min 
using a Sorval superspeed RC2-B centrifuge (Du Pont, Markham, Ontario). The 
absorbance of the clarified original extract was read at 540 nm using a Hewlett Packard 
47 
diode array spectrophotometer. The total hemoprotein pigment was calculated as A540 x 
17,500 x 200/11,300 x 20 mg/g sample. This formula uses extinction coefficient and Mw 
for Mb given by Drabkin (1950) and Low and Rich (1973), respectively (Warris, 1976). 
The preconcentrated extract was freeze dried, redissolved in 1 mL of water and 
dialysed against 0.5M NaCl solution to precipitate other sarcoplasmic proteins which were 
removed by centrifugation at 2000 x g using an IEC clinical centrifuge. Hb and Mb were 
then separated from each other by applying 1 mL of this extract to a 30 em x 1 em i.d. 
column packed with Sephadex G-75 having a particle size distribution of 40-120 p 
(Pharmacia Fine Chemicals, Uppsala, Sweden). The eluent buffer was 0.1M mono- and 
dibasic phosphate mixture at pH 6.8, containing 0.1M NaCl (Fisher Scientific Co.). The 
absorbance (A) of the Hb fraction which was almost completely excluded from the gel, 
was read at A = 420 nm and that of Mb which was more slowly moving band, at A = 540 
nm using a Hewlett Packard diode array spectrophotometer. The ratio of 
cyanomethemoglobin at 540 nm to that at 420 nm was 0.11. The amount of Mb was 
calculated using the equations given below (Warris, 1976). 
Mb in extract(%)= A~(A420 x 0.11) + A540 
Mb (mg/g sample)= [Total hemoprotein pigments(mg/g sample) x Mb in extract (%)]/100 
The Hb content was calculated as the difference between total pigment and Mb contents. 
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3.5 Tristimulus colour parameters 
The tristimulus colour parameters, namely Hunter L (100, white; 0, black), a(+, 
red;-, green) and b (+,yellow;-, blue) values of the samples were determined by surface 
reflectance measurements using a Colormet colourimeter (lnstrumar Engineering Limited, 
St. John's, Newfoundland). The unit was standardized with a B-143 white calibration tile. 
Its Hunter values were L, 94.5 ± 0.2; a, -1.0 ± 0.1; and b, 0.0 ± 0.2. Measurements were 
made on a layer of MDCM, 25 mm thick, in a sealed 23 em x 17 em transparent 
polythene pouch. Generally 6 readings were recorded at different areas of the meat 
surface. 
3.6 Amino acid composition and protein efficiency ratio (PER) 
Samples were lyophilized, ground to fine powders, and immediately analyzed for 
their amino acid composition. For the determination of amino acids, powders were 
digested in 6N HCl at 110 oc under a stream of nitrogen for 24 h (Blackburn, 1978). The 
amino acid composition of the hydrolysates was determined using a Beckman 121MB 
Amino Acid Analyzer (Beckman, Palo Alto, California) and the three buffer sodium 
citrate method. Cysteine and methionine were frrst oxidized in a performic acid solution 
followed by their hydrolysis in 6N HCl and were determined as cysteic acid and 
methionine sulphone, respectively (Blackburn, 1978). Performic acid was prepared by 
adding 1 mL of 30% H20 2 (Fisher Scientific Co.) to 9 mL of 88% CHCOOH (Fisher 
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Scientific Co.), allowed to stand for 1 h at room temperature, then cooled to 0 oc. 
Analysis of tryptophan was performed by UV absorption after hydrolysis of the sample 
in 3N mercaptoethane sulphonic acid (Pierce, Rockford, Illinois) at 110 oc under vacuum 
as described by Penke eta/. (1974). Connective tissue content was calculated as 8.03 x 
hydroxyproline content (Karatzas and Zarkadas, 1988). 
The protein efficiency ratio (PER) was calculated by the amino acid scoring 
methods developed by Lee et al. (1978) and given as follows: 
PER = 0.08084 LAA7 - 0.1094 (1) 
PER= 0.06320 l:AA10 - 0.1539 (2) 
Where LAA7 = Isoleucine + Leucine + Lysine + Methionine + Phenylalanine + Threonine 
+ Valine; and l:AA10 = l:AA7 + Arginine + Histidine + Tryptophan. 
3. 7 Free amino acids and peptides 
The content of free amino acids as well as carnosine and anserine (imidazole 
peptides) was determined by homogenizing 10 g of sample with 20 mL ice-cold 6% (w/v) 
perchloric acid with a Brinkmann Polytron homogenizer (speed level 4). After 30 min 
incubation in ice, samples were centrifuged using an IEC clinical centrifuge at 3000 x g 
for 10 min at 5 °C. The procedure was repeated and supernatants were combined. The 
pH of the supernatant was adjusted to 7.0 using a 33% (w/v) KOH solution. Perchlorate 
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salt was precipitated and removed after centrifugation for 10 min at 3000 x g. The 
supernatant was acidified with lON HCl to pH 2.2, diluted to 50 rnL with distilled water 
and then diluted at a 2:1 (v/v) ratio with a 0.3N lithium citrate buffer, pH 2.2. The 
extract was then analyzed on a Beckman 121MB Amino Acid Analyzer using Benson D-
X 8.25 resin (Benson Company, Reno, Nevada) and a single column according to the 
three buffer lithium procedure as per Beckman 121MB application notes (Beckman 
121MB-TB-017 application notes, 1979). 
3.8 Determination of nucleotides 
Approximately 10 g of sample was weighed and homogenized in 20 rnL ice-cold 
0.6N perchloric acid for 30 sec using a Brinkmann Polytron homogenizer (speed level4). 
The homogenate was filtered through Whatman No. 1 ttlter paper, and the resultant 
filtrate, i.e., the nucleotides extract, was stored at -60 °C until use. 
The nucleotide extract was thawed at 0-4 oc and the pH was adjusted to 6.5 by 
diluting it with 0.1M K2HP04 at a ratio of 1:10 (v/v), in order to avoid crystallization of 
perchloric acid during HPLC analysis. This diluted extract was then filtered through a 
0.45 pm nylon ttlter (Cameo IT, MSI, Westboro, Massachusetts) into the HPLC sampling 
vial and was then used directly for HPLC analysis. Nucleotides in the extract were 
determined by a reversed-phase HPLC procedure (Schimadzu Corp., Kyoto, Japan). The 
column used was a 10 pm particle size LC-18-T reversed phase analytical column ( 4.5 
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mm x 24 em, Supelco, Oakville, Ontario). An LC-18-T guard column (4.5 mm x 5 em) 
was coupled with the analytical column. Twenty pL of a standard or filtered solution was 
injected into the column using an SIL-6B Auto-injector (Supelco). The detector response 
of each nucleotide and nucleoside was calibrated by injecting a known amount of 
individual reference compounds (Sigma Chemical Co.). A modified procedure according 
to Stocchi (Stocchi et al., 1987) was used for the analytical separation conditions. These 
chromatographic conditions were: 0.01 to 3.8 min at 100% of buffer B, 7.8 to 15.0 min 
at 0 to 20% of buffer A, 15.0 to 19.5 min at 20 to 40% of buffer A, 19.5 to 27.0 min at 
40 to 100% of buffer A. The gradient was uniform in each case and then immediately 
returned to 100% of buffer B and held until completion, 32 min. Buffer B was O.lM 
potassium phosphate buffer, pH 6.0, containing 8 mM tetrabutylammonium hydrogen 
sulphate (Sigma Chemical Co.) and buffer A was O.lM potassium phosphate buffer, pH 
6.0, containing 8 mM tetrabutylammonium hydrogen sulphate and 30% methanol. The 
flow rate was 1 mL/min and detection was measured at 254 nm using Smimadzu SPD-
6A V UV-VIS spectrophotometric detector. The analysis was performed at room 
temperature, but the samples were kept at 0 oc until injection. Quantification of the 
endogenous nucleotide and nucleoside concentrations was carried out using the data 
module in the external standardization mode. 
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3.9 Mineral content 
The analysis of minerals was carried out using the Inductively Coupled Plasma 
(ICP) emission spectroscopic method (AOAC, 1990). Ashing was done by drying 
appropriate sample weights in an oven overnight at 100 °C, and then placing them in a 
525 oc muffle furnace until white ash was formed (usually 5-8 h). The resultant ash was 
digested in 30 mL HNOJHC104 (2:1, v/v) in Kjeldahl flasks until the reaction of sample 
with HC104 was complete as identified by a cessation of effervescence between the 
sample and HC104 • Digested samples were transferred to 50 mL volumetric flasks and 
diluted to volume with distilled water. Elemental determinations were done for us with 
the ICP emission spectrometer (Model 975 Plasma Atom Comp, Thermo Jarrell-Ash 
Corporation, Franklin, Massachusetts) by the Diversified Research Laboratories (Toronto, 
Ontario). Calibration of the instrument was done using known calibration standards. 
Computer calculation of the concentration of each element in each diluted solution was 
done and converted to its concentration in the original sample. 
3.10 Content of nucleic acids 
Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) were extracted 
according to the method of Schmidt-Thannhauser (1945) as modified by Munro and Fleck 
(1969). Five g of sample were homogenized in 80 mL ice-cold deionized water using a 
Polytron homogenizer (speed level 4). Five mL of the homogenate was allowed to stand 
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in ice for 10 min and then centrifuged at 2000 x g for 10 min using an IEC clinical 
centrifuge. The residue was washed with 2.5 mL of ice-cold 0.2N perchloric acid, then 
centrifuged at 2000 x g for 10 min. The residue obtained was digested in 4 mL of 0.3N 
KOH for 1 h at 37 oc in a water bath. The resultant solution was cooled in ice, and 2.5 
mL of 1.2N perchloric acid was added to it, then allowed to stand for 10 min, during 
which time proteins precipitated. The mixture was centrifuged at 2000 x g for 10 min 
and the supernatant recovered as extract No. (1). The precipitate was washed twice with 
2.5 mL of 0.2N perchloric acid, centrifuged at 2000 x g for 5 min, the precipitate was 
dissolved in 17 mL of 0.3N KOH at 37 °C, then diluted with distilled water to the 50 mL 
mark. This solution was used for determination of DNA. The supernatant obtained was 
combined with extract No. (1) and 10 mL of 0.6N perchloric acid was added, then diluted 
with distilled water to 100 mL. This solution was used for RNA determination. 
DNA in the samples was estimated by determining the deoxyribose content in the 
extract using the indole procedure of Ceriotti (1952). RNA was determined by an 
ultraviolet spectrophotometric procedure by recording the absorbance values of nucleotide 
extracts at 260 nm using a Hewlett Packard diode array spectrophotometer. Protein 
interference at this wavelength was eliminated by applying a correction factor of 0.001 
absorbance unit per 1 pg/mL protein concentration in the extracts. The Folin-phenol 
procedure of Lowry eta/. (1951) was used to measure protein concentrations. Bovine 
serum albumin (Sigma Chemical Co.) was used for standardization (Appendix A.3). Calf 
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Thymus DNA (containing 82% single-stranded DNA) and Calf liver RNA (96% purity, 
both Sigma Chemical Co.) were subjected to the same treatments and were used as 
standards (Appendix A.1 and A.2). 
3.11 Cholesterol content 
The cholesterol content in the raw and cooked samples was determined according 
to Rudel and Morris (1973) using o-phthalaldehyde reagent (Sigma Chemical Company, 
St. Louis, Missouri). The MDCM was cooked in sealed pouches before being used for 
the cooked MDCM analysis. A 0.2 mL chloroform extract of the total lipids obtained 
according to Bligh and Dyer (1959) was saponified in 0.3 mL of a 33% (w/v) KOH 
solution (Fisher Scientific Co.) in the presence of 3 mL of 95% ethanol in 20 mL screw 
capped tubes and mixed thoroughly. Tubes were then heated to 60 oc in a water bath for 
15 min, cooled and mixed with 10 mL hexane and 1 mL of distilled water. Tubes were 
capped and mixed thoroughly using a Fisher Vortex mixer (Fisher Scientific Co.). A 
blank, a standard and samples of chloroform extract from MDCM were extracted at the 
same time. Appropriate 1 mL aliquots of the hexane layer were pipetted into clean tubes 
and the solvent was then evaporated under a stream of nitrogen. Two mL of the 0.05% 
(w/v) o-phthalaldehyde reagent in glacial acetic acid and 1 mL of concentrated H2S04 
were carefully added to the tube and then mixed thoroughly. The absorbance of the 
solutions was read at 550 nm using Hewlett Packard diode array spectrophotometer. A 
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standard curve was prepared using a cholesterol solution (Fisher Scientific Co.) at 
concentrations ranging from 1.5 to 14.0 pg/mL (Appendix A.4). 
3.12 Determination of the content of sulphydryl groups and disulphide bonds 
contents, protein solubility and degree of thermal coagulation 
3.12.1 Sulphydryl groups and disulphide bonds 
Free sulphydryl groups (SH) were determined in 0.10 to 0.15 g of meat sample 
dissolved in 8 mL of 0.75% ethylenediaminetetraacetic acid disodium salt (N~EDTA) and 
0.035M sodium dodecyl sulphate (SDS) solution from Sigma Chemical Co. in a 0.2M 
Tris buffer (Sigma Chemical Co.) pH 8.2, according to the procedure given by Opstvedt 
et al. (1984) . . After standing for 2 h, 0.5 mL of a 0.016M solution of 5,5'-dithiobis(2-
nitrobenzoic acid) (DNTB) (Sigma Chemical Co.) in methanol and 31.5 mL of methanol 
were added with mixing. The solution was allowed to stand at 20 oc for 15 min, 
centrifuged at 3000 x g for 15 min using an IEC clinical centrifuge, and the absorbance 
was read at 412 nm according to Ellman (1959) using a Hewlett Packard diode array 
spectrophotometer. Hydrolysis of DTNB was accounted for in a no protein blank. A 
calibration curve for sulphydryl groups was prepared using a reduced glutathione solution 
(Sigma Chemical Co.) in concentrations ranging from 0 to 0.1 mg/mL of sample 
(Appendix A.5). 
Disulphide bonds were determined as follows: meat samples containing about 35 
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mg of protein were dissolved in 4 mL of 0.15M 2-mercaptoethanol solution (Sigma 
Chemical Co.) in 8M urea (Fisher Scientific Co.). The disulphide bonds were then 
calculated from the difference between the content of SH in the reduced and in the 
original samples as: Disulphide bonds = (Total reduced SH - Free SH x 0.97)/2 
(Synowiecki and Sikorski, 1988). 
3.12.2 Protein solubility and degree of thermal coagulation 
For determination of protein solubility, 5 g of meat was homogenized for 1 min, 
using a Polytron homogenizer (speed level 4), with 100 mL of 5% (w/v) NaCl solution 
in 0.003M NaHC03, 0.035M SDS in 0.003M NaHC03 at pH 7.0 while in an ice bath. 
After 30 min of solubilization of the meat sample with intermittent mixing using a Fisher 
Vortex mixer and 10 min centrifugation at 10,000 x g using a Sorval Superspeed RC2-B 
centrifuge, the total protein in the supernatant was determined by the Kjeldahl method 
(AOAC, 1990). The degree of thermal coagulation measured as a loss of solubility was 
determined by heating the MDCM extracts in a 5% (w/v) NaCl solution in 0.003M 
NaHC03 for 40 min at 40, 50, 60, 75 and 99 oc in a water bath. The degree of thermal 
coagulation was expressed as (c1 - c~ /c1 x 100, where c1 and c2 are the concentrations 
of proteins before and after heat treatment, respectively. 
3.13 Functional properties 
3.13.1 Cook yield 
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A 10 g sample was transferred into a pre-weighed centrifuge tube along with 5 g 
of water. Tubes were covered with aluminium foil and then placed into a boiling water 
bath for 20 min. The tubes were cooled to room temperature and then centrifuged for 15 
min using an IEC clinical centrifuge at 3000 x g. The juice released was decanted and 
the sample was blotted on a Whatman No. 1 filter paper and transferred back into the 
tube. The percent cook yield was calculated from the weight difference data. 
3.13.3 Emulsion stability 
The method of Townsend et a/. (1968) was used to determine the emulsion 
stability of samples. A 15 g sample was blended with 45 rnL of 3% (w/v) NaCl solution 
for 1 min using a Brinkmann Polytron homogenizer (speed level 4). A 25 g com oil 
sample was added to the mixture over a 5 min period while blending and further blending 
for 1 min after all oil was added. Duplicate 35 g emulsion samples with known volumes 
were stuffed in 50 ml graduated centrifuge tubes, covered with aluminium foil and placed 
in a water bath at 85 oc for 15 min. The tubes were cooled under running tap water for 
15 min. Centrifugation was repeated until the volume of fluid remained constant. 
Emulsion stability was expressed as percent stable emulsion formed with respect to the 
total volume of the initial emulsion. 
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3.13.2 Emulsifying capacity 
A method similar to that of Swift et al. (1961) was used for determination of the 
emulsifying capacity of each sample. A 50 g sample was blended with 200 mL of a cold 
3% NaCl solution using a Polytron homogenizer (speed level 3) in an Erlenmeyer flask 
for 2 min. Fifteen g of the resulting slurry was placed in a clean 600 mL beaker with 
37.5 mL of 3% (w/v) NaCl solution and mixed for 5 s. Then 50 mL of com oil was 
added directly to the meat slurry and mixing was resumed while additional oil was added 
continuously from a burette at a rate of 1 mL per s. Addition of oil was terminated when 
the emulsion collapsed which coincided with an increase in the audible pitch of the 
blending motor. Emulsifying capacity of meat was reported as mL of oil emulsified by 
2.5 g of meat. 
3.14 Separation of polar and nonpolar lipids and analysis of fatty acid composition 
Extraction of total lipids from the MDCM was done according to Bligh and Dyer 
(1959). Silicic acid column chromatography was used to separate the neutral and polar 
lipids. About 100 g of activated silicic acid (Mallincrodt, 100 mesh, Pointe-Claire, 
Quebec) was mixed with 10 column volumes of chloroform and packed into a 35cm x 
2.3 em i.d. glass column. The column was washed several times with chloroform prior 
to use. About 1.25 g lipid sample was dissolved in a small amount of chloroform and 
was then applied to the top of the packed column. Two classes of lipids were eluted from 
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the column, using in sequence 800 mL each of chloroform and methanol. Neutral lipids 
were eluted from the column with chloroform while the methanol eluent contained polar 
lipids, predominantly phospholipids. Solvents were then evaporated under reduced 
pressure at 40 oc using a Rotavapor RE 111. Traces of solvent were removed by a 
stream of nitrogen. 
About 100 mg of phospholipids obtained from the silicic acid column separation 
was dissolved in 1 mL chlorofonn/water (2: 1, v /v) and applied onto a 20 em x 20 em 
precoated layer of 250 pm thick silica Gel G plate (Sigma Chemical Co.) using a capillary 
pipette. The plates were developed in a chamber containing chlorofonn/methanoVwater 
(25:10:1, v/v/v). Spots were visualized under UV light. Identifications were made by 
comparing the Rr values of bands with those of known standards (Sigma Chemical Co.). 
Spots were scrapped from TLC plates and subjected to phosphorous content 
determination. Components were eluted with chlorofonn/methanoVwater (5:5:1, v/v/v). 
Phospholipids were digested in 70% (w/v) perchloric acid with release of inorganic 
phosphate which was reacted with 5% (w/v) ammonium molybdate (Sigma Chemical Co.) 
to form phosphomolybdic acid (Christie, 1982) which was subsequently reduced by using 
ascorbic acid. The solution was evaporated to dryness and to this digest, 5 mL of 
distilled water, 3 mL of 1.5N ~S04 and 0.4 mL of 2% ascorbic acid (Fisher Scientific 
Co.) were added and mixed. The solution was allowed to stand for 20 min and its 
absorbance was measured at 660 nm using a Hewlett Packard diode array 
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spectrophotometer. Two millimetres of KH2P04 solution containing 3.2 x 10-3 mg of 
phosphorus was used as working standard for the phosphorus determination (N ahapetian 
and B assiri, 197 5). 
The total lipids, neutral lipids and phospholipids were hydrolysed and converted 
to methyl esters by transmethylation in 6% (v/v) H2S04 in 99.0 mole% pure methanol 
(BDH Inc., Ville St-Laurent, Quebec) at 65-70 oc for 15 h (Keough and Karil, 1987). 
After extraction of the methyl esters into hexane, esters were analyzed using a Perkin-
Elmer 8310 gas chromatograph (Hewlett Packard, Toronto, Ontario) equipped with a 30 
m x 0.25 mm column (SP 2330, Supelco Inc.). Oven temperature was initially 180 oc 
for 12 min and was ramped to 200 oc at 20 °C/min and held there for 8 min. The 
injection port .and flame ionization detector temperatures were 230 oc. The flow rate of 
the helium carrier gas was 25 mL/min. Identification of fatty acid methyl esters was 
based on the comparison of their retention times with standards (Supelco Inc.). 
Quantification was performed by computer calculation of the instrument using area 
normalization. Results were presented as area% of fatty acids relative to the total fatty 
acids. 
3.15 Thiobarbituric acid (TBA) test 
The distillation method of Tarladgis eta/. (1964) was adapted in this work. In all 
cases 10 g of meat was placed into a 500 mL round-bottom flask containing 97.5 mL 
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distilled water and 2.5 mL 4N HCl, along with a few drops of Dow Antifoam A (Sigma 
Chemical Co.) and several glass beads. The mixture was then heated for approximately 
20 min to collect 50 mL of distillate. 
The distillate was shaken thoroughly and 5 mL of it was pipetted into a 50 mL 
vial containing 5 mL 0.02M aqueous solution of 2-thiobarbituric acid (Sigma Chemical 
Co.). The vial was capped and heated in a boiling water bath for approximately 40 min 
to obtain a pink-coloured solution. After cooling to room temperature, the absorbance of 
the resultant complex was read at 532 nm using a Hewlett Packard diode array 
spectrophotometer. The compound 1,1,3,3-tetramethoxypropane (Sigma Chemical Co.) 
was used as a standard and TBA values (mg malonaldehyde equivalent/kg meat) were 
calculated using the equation of the standard line (Appendix A.6). 
3.16 Statistical analysis 
Analysis of variance and Tukey's Studentized Range Test (Snedecor and Cochran, 
1980) were used to determine differences in mean values based on data collected from 
3-6 replications of each measurement on Statistical Analysis System (SAS Inc., 1990, 
Cary, North Carolina). Significance was determined at a 95% level of probability. 
CHAPTER4 
RESULTS AND DISCUSSION 
4.1 Yield and proximate composition 
The effect of various washings on the recovery of protein in meat samples is 
summarized in Table 4.1. Protein recovery after the trrst washing with water at pH 6.9 
was 58.1 %; while after the second aqueous washing at pH 7.1, it decreased to 52.6%. 
These values are somewhat higher than those reported by Dawson et al. (1988) for 
washed MDPM held on a steel screen. This is perhaps due to a difference in the size of 
the filter pores which was 3.9 mm in their study as compared to that of 1 mm in this 
work. The second washing of MDCM with salt or water at pH 5.2 also decreased the 
amount of recovered protein to 53.8 and 54.1 %, respectively. Washing of meat with 
NaHC03 solution at pH 7.8, farthest from the isoelectric point of myofibrillar proteins 
(typically 5.2-5.5) gave the lowest protein yield of 41.7%. 
All washings brought about a higher moisture and a lower fat content in the 
resultant samples as compared with those of their unwashed counterparts (Table 4.2). 
Moisture contents after the first and second washings with water at pH 6.9 and 7.1 were 
increased by 12.5 and 14.8%, respectively, over the moisture content of 73.9% in the 
unwashed meat. The lowest moisture increase was for samples washed with water at pH 
5.2. A lesser degree of hydration of protein molecules occurs at a pH near their isoelectric 
point. 
The crude protein content in unwashed MDCM was reduced from 14.3% to 11.4% 
after the frrst washing with water. The apparent decrease in protein content was due to 
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Table 4.1 Percent recovery of MDCM and protein after aqueous washings1• 
Dry weight of Recovered 
Treatment pH recovered meat protein (%)2 
(%) 
Unwashed MDCM 6.8 100a 100a 
Washed 
1 X H20 6.9 51.2±0.8b 58.1±1.4b 
2x H20 7.1 40.3±0.6d 52.6±1.3c 
Washed once with 
H20, and then 
0.5% NaCl 6.7 41.9±0.6d 53.8±1.0C 
0.5% NaHC03 7.8 40.3±0.5d 41.7±0.9d 
~0 at pH 5.2 5.2 45.4±0.4c 54.1±0.6c 
1 Results are mean values ± standard deviation of 3 separate washings of the same meat 
sample. Values in each column with the same superscript are not significantly (p>0.05) 
different from one another. 
2Recovered protein (g) =Recovered meat (g) x (% protein/100). 
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Table 4.2 Percent moisture and crude protein content of unwashed and washed MDCM1• 
Crude protein, N x 6.25 
Treatment Moisture 
(%) Wet basis Dry basis (%) (%) 
Unwashed MDCM 73.9±0.2d 14.3±0.3a 54.8±0.7d 
Washed 
1 X H20 83.l±O.lb 11.4±0.4b 67.5±0Aa 
2x H20 84.8±0.5a 10.3±0.3c 67.6±0.4a 
Washed once with 
H20 and then 
0.5% NaCl 83.7±0.4b 10.2±0.1c 62.6±0.4b 
0.5% NaHC03 85.9±0.3a 8.6±0.2d 61.0±0.3c 
H20 at pH 5.2 79.9±0.3c 12.0±0.2b 59.7±0.3c 
1 Results are mean values of 4 replicates ± standard deviation. Values in each column 
with the same superscript are not signficantly (p>0.05) different from one another. 
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a higher moisture content in washed meat as well as loss of sarcoplasmic proteins (Yang 
and Froning, 1992) during washing. On a dry weight basis, however, the protein content 
increased from 54.8% to 67.5% and 67.6% after the rrrst and second washings with water 
(at pH 6.9 and 7.1, respectively). The protein content increased even though the 
sarcoplasmic proteins were removed during washings. This may be due to the fact that 
some lipids and water-soluble minerals were extracted from the meat. Adu et a/. (1983) 
and Dawson et al. (1988) observed a similar trend when they washed rockfish flesh and 
MDPM, respectively, with water. 
A large reduction in lipid content of all washed meat samples was observed. Part 
of the fat floated to the top during the extraction process and was subsequently skimmed 
off. Unwashed MDCM contained, on a dry basis, 38.6% fat and aqueous washing 
removed about 26% of this amount (Table 4.3). Similar results were obtained by Dawson 
et al. (1988) who reported the removal of 20.5-46.6% of lipids from the samples during 
aqueous washing of MDCM. The second washing with water, salt or bicarbonate 
solutions was not as effective in removing additional lipids from MDCM samples. 
The ash content in the samples washed with various media was also lowered. The 
rrrst and second washings with water reduced the ash content from 4.2% in the unwashed 
samples to 3.0% and 2.7% (or 3.0% at pH 5.2), on a dry basis, respectively (Table 4.3). 
However, meat washed with aqueous solution containing NaCl or NaHC03 exhibited less 
decrease in ash content due to the addition of minerals from these washing media. 
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Table 4.3 Percent total lipid and ash content of unwashed and washed MDCM1• 
Treatment Total lipid Ash 
Wet basis Dry basis Wet basis Dry basis 
Unwashed MDCM lO.l±O.oa 38.6±0.3a l.l±O.oa 4.2±0.oa 
Washed 
1 X H20 4.8±0.1d 28.4±0.2d 0.5±0.0c 3.0±0.0cd 
2 X H20 4.3±o.oe 28.5±0.2d 0.4±0.0d 2.7±0.1d 
Washed once with 
H20 and then 
0.5% NaCl 5.3±o.oc 32.6±0.3c 0.6±0.0b 3.6±0.lb 
0.5% NaHC03 4.9±0.0d 34.5±0.3b 0.5±0.0bc 3.8±0.1b 
H20 at pH 5.2 7.1±0.0b 35.1±0.3b 0.6±0.0b 3.0±0.1c 
1Results are mean values of 4 replicates ± standard deviation. Values in each column 
with the same superscript are not significantly (p>0.05) different from one another. 
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4.2 Hemoprotein content and meat colour 
A large proportion of hemoprotein pigments present in the proteins of MDCM 
were removed as a result of aqueous washing (Table 4.4). The hemoproteins of the 
unwashed MDCM consisted of 3.42 ± 0.06 mg/g Hb and 1.06 ± 0.03 mg/g Mb. These 
values are similar to those reported by Froning and Johnson (1973) for mechanically 
deboned fowl meat which contained about 3.7 mg total pigments and 0.7 mg Mb/g. The 
total content of hemoprotein pigments in MDCM after the first and second washings with 
water at pH 6.9 and 7.1 decreased by 39.9% and 47.3%, respectively. However, washing 
with water and then 0.5% NaHC03 solution was the most effective in removing 
hemoproteins from MDCM and their content decreased by 73.9%. Mb and Hb are water-
soluble proteins with isoelectric points of 7.0 and 6.9, respectively. The presence of 
NaHC03 raised the pH of the meat slurry to 7 .8, which enhanced the solubility of the 
pigments and this may have facilitated their removal. The higher pH may also result in 
a more open myofibrillar protein structure, which allows easier extraction of Mb (Dawson 
et al., 1989). Hernandez eta/. (1986) obtained similar results using aqueous solutions at 
pH 8.0 as compared with those at pH values of 6.4, 6.8 or 7 .2. 
The effect of aqueous washings on the colour of MDCM as assessed by Hunter 
colour values is also presented in Table 4.4. The trrst washing of MDCM with water 
increased the Hunter L value and decreased the a value of the product by 10.7% and 
16.6% respectively. However, a second washing with water had little effect on Hunter 
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Table 4.4 Influence of the total content of hemoproteins on Hunter L, a and b values of 
MDCM1 
Treatment Total Hunter values 
hemoproteins 
L b (mg/g) a 
Unwashed MDCM 4.48±0.1~ 49.5±0.3d 22.2±0.6a 13.3±0.3a 
Washed 
1 X H20 2.69±0.02b 54.8±0.3c 18.5±0.4b 13.6±0.3a 
2 X H20 2.36±0.05c 55.5±0.6c 17.7±0.3b 13.4±0.4a 
Washed once with 
H20 and then 
0.5% NaCl 1.85±0.01d 57.2±0.3b 15.4±0.3c 13.9±0.3a 
0.5% NaHC03 1.17±0.04e 61.5±0.5a 12.1±0.3d 13.3±0.4a 
~0 at pH 5.2 2.03±0.03d 56.8±0.4b 16.0±0.2c 14.3±0.3a 
1Results are mean values of 4 replicates ± standard deviation. Values in each column 
with the same superscript are not significantly (p>0.05) different from one another. 
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L and a values. MDCM after washing with 0.5% NaHC03 solution at pH 7.8 gave 
higher L and smaller a values than samples washed with water or NaCl solution. Thus, 
the bicarbonate solution gave the lightest meat as compared with other washed samples. 
The Hunter b values, however, remained the same for all the different washed samples. 
The principal pigments responsible for the colour of dark meat are Mb and Hb. These 
pigments have also been shown to be extractable by water or NaHC03 solution (Saffle, 
1973; Dawson eta/., 1988). 
The Hunter L values for cooked MDCM are presented in Table 4.5. The effect 
of washing was significant only on Hunter L values and indicated that washed MDCM 
retained its light colour in the cooked state. The Hunter L value in unwashed samples 
was increased by 3.7 and 5.7% in the samples after the rrrst and second washing with 
water, respectively. Washing with NaCl or NaHC03 solution or water (at pH 5.2) was 
also effective in producing lighter cooked washed MDCM. The bicarbonate solution was, 
however, most effective in producing the lightest colour (i.e., highest Hunter L value) in 
the products. 
The Hunter L, a and b values of the samples were correlated with the total content 
of hemoproteins in raw unwashed and washed MDCM according to the regression 
equations given in Table 4.6. While both L and a values correlated well with the total 
content of hemoproteins present in the samples, Hunter b values did not show a good 
correlation. 
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Table 4.5 Hunter L values of cooked MDCM1• 
Treatment Hunter L values 
Unwashed MDCM 54.3±0.3{ 
Washed 
1 X H20 56.3±0.3ce 
2 X H20 57.4±0.2cd 
Washed once with 
H20, then 
0.5% NaCl 60.6±0.2b 
0.5% NaHC03 62.2±0.2a 
H20 at pH 5.2 57.0±0.2c 
1Results are mean values of 4 replicates± standard deviation. 
Values with the same superscript are not significantly (p>0.05) 
different from one another. 
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Table 4.6 Correlation of regression equations relating Hunter raw colour parameters with 
total hemoproteins (T) in raw MDCM. 
Parameters of regression equation Correlation coefficient (r) 
y = m + n * X 
L 64.12 -3.39 T . -0.979 
a 9.91 +2.91 T +0.969 
b 13.89 -0.11 T +0.301 
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4.3 Amino acid composition, connective tissue content and protein efficiency ratio 
(PER) 
The content of amino acids in the unwashed and washed MDCM is presented in 
Table 4.7. In general, there was a decrease in the content of some amino acids, however, 
the content of nonesssential amino acids alanine, arginine, aspartic acid, cysteine, 
hydroxyproline, proline and tyrosine was increased in some of the washed meat samples. 
This increase might be, in part, due to a relative increase in the content of connective 
tissues as indicated by the increased collagen content in all washed samples as compared 
with their unwashed counterparts (Table 4.7), and hence the contents of amino acids 
which are present in high levels in connective tissues such as hydroxyproline, proline and 
arginine were increased substantially as a result of various washings. The connective 
tissue content in unwashed increased by 98% and 146% in the samples washed with water 
and bicarbonate solution, respectively (Table 4.8). Variations in the content of amino 
acids bring about changes in the protein efficiency ratio (PER) values which may be 
calculated by the amino acid scoring methods developed by Lee eta/. (1978). 
The calculated PER values of both unwashed and washed MDCM are summarized 
in Table 4.8. A minor decrease in the PER values of all washed samples by 5.0 to 8.4%, 
based on equation 1, and 3.4 to 6.5%, based on equation 2, was evident. An increase in 
the content of nonessential amino acids in the resultant washed samples and enhanced 
content of connective tissues might be responsible for this observation. High levels of 
Table 4.7 Amino acid composition of unwashed and washed MDCM (g/100 g crude protein)1• 
Washed MDCM 
Amino acids Unwashed 
MDCM 1xH20 1xH20, then 1xH20, then 1xH20, then 
0.5% NaCl 0.5% NaHC03 H20 at pH 5.2 
(Essential) 
Histidine 2.47±0.071 2.27±0.04b 2.14±0.03c 2.11±0.03c 2.04±0.03d 
Isoleucine 5.38±0.161 5.28±0.131 5.37±0.03a 5.37±0.02a 5.31±0.04a 
Leucine 7.57±0.081 6.99±0.10b 6.74±0.04c 6.64±0.02d 6.66±0.02d 
Lysine 8.38±0.081 8.11±0.02b 7.96±0.02c 7.82±0.01c 7.91±0.01c 
Methionine 2.88±0.031 2.83±0.071 2.27±0.04c 2.66±0.02b 2.59±0.03b 
Phenyalanine 3.88±0.131 3.55±0.04b 3.57±0.02b 3.45±0.03c 3.59±0.03b 
Threonine 4.55±0.061 4.35±0.01b 4.21±0.03c 4.14±0.06c 4.25±0.02c 
Tryptophan 1.06±0.041 0.96±0.03b 0.92±0.02bc 0.83±0.01c 0.91±0.01b 
Valine 5.52±0.03a 5.31±0.01b 5.25±0.02c 5.03±0.03d 5.16±0.03e 
(Nonessential) 
Alanine 5.88±0.09c 6.12±0.01b 6.15±0.01b 6.34±0.02a 5.67±0.01d 
Arginine 6.93±0.01c 7.34±0.02b 7.33±0.01b 7.57±0.12a 7.64±0.07a 
Aspartic acid2 8.57±0.03c 8.88±0.05b 8.97±0.03b 9.09±0.04a 8.14±0.04d 
Cysteine 1.36±0.03c 1.57±0.06b 1.43±0.05b 1.50±0.04b 1.72±0.02a 
Glutamic acid3 12.44±0.08b 12.29±0.06b 12.37±0.03b 12.80±0.08a 12.88±0.17a 
Glycine 6.90±0.041 6.91±0.03a 6.92±0.04a 6.73±0.02b 6.65±0.01c 
Hydroxyproline 1.09±0.03e 2.14±0.05d 2.59±0.03b 2.67±0.021 2.50±0.04c 
Proline 4.28±0.06d 5.02±0.01c 5.79±0.04b 6.08±0.02a 5.92±0.02ab 
Serine 3.82±0.06a 3.47±0.03b 3.51±0.01b 3.30±0.02c 3.48±0.02b 
Taurine 1.14±0.021 0.51±0.02b 0.14±0.01c 0.12±0.01c 0.07±0.00d 
Tyrosine 3.36±0.02b 3.49±0.031 3.28±0.02c 3.08±0.01d 3.26±0.02c 
'Results are mean va ues ot 3 re p . ~ ~ ,.rl ........... ---L-- ' - ·--- • ---.h --••• ••••th th- nn ~ p p 
are not significantly (p>0.05) different from one another. 
2Determined as aspartic acid+ asparagine. 3 Determined as glutamic acid+ glutainine. 
........ 
(.;) 
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Table 4.8 Predicted protein efficiency ratio (PER) values and connective tissue contents 
of unwashed and washed MDCM. 
Treatment PER Value1 Connective tissue 
content 
Equation 1 Equation 2 (g/100 g proteini 
Unwashed 2.98 2.92 8.75 
Washed 
1 X H20 2.83 2.82 17.18 
Washed once with 
H20, then 
0.5% NaCl 2.75 2.74 20.80 
0.5% NaHC03 2.73 2.73 21.44 
H20 at pH 5.2 2.76 2.76 20.08 
1Equation 1 :PER value= 0.08084 LAA7 - 0.1094, where LAA.7 =Isoleucine+ Leucine 
+ Lysine + Methionine + Phenylalanine + Threonine + Valine. 
Equation 2 : PER value = 0.06320 .r.AA10 - 0.1539, where .r.AA10 = ~AA7 + Arginine 
+ Histidine + Tryptophan. 
2Calculated as 8.03 x Hydroxyproline (Karatzas and Zarkadas, 1988). 
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collagen have been reported to be responsible for a lower content of total essential amino 
acids in washed samples (Lee et a/., 1978). However, both unwashed and washed 
MDCM showed a well-balanced amino acid composition in the products. The calculated 
PER values can only be used to compare the protein quality of washed meats with respect 
to their unwashed counterparts. Based on this, it is evident that the protein quality of 
MDCM will not be compromised due to aqueous washings. 
4.4 Free amino acids and nucleotides/nucleosides 
The content of free amino acids of both the unwashed and washed meats is shown 
in Table 4.9. Aqueous washings lowered the amount of all free amino acids in MDCM. 
Most free amino acids decreased by over 50.5% in the samples washed once with H20, 
and a further decrease was observed when meats were washed with 0.5% aqueous 
NaHC03• The free amino acids are water-soluble and hence are easily extracted into the 
aqueous media. The sulphur-containing amino acids, cysteine/cystine are important 
flavour precursors which have been implicated as precursors for volatile sulphur-
containing heterocyclics with desirable flavour effects in meats (Shahidi, 1989). The 
content of cysteine decreased by 63.1 and 79.1% after one washing with H20 or 0.5% 
NaHC03, respectively. A corresponding decrease of 51.3 and 80.7% was observed for 
the cystine content. 
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Table 4.9 The content of free amino acids of unwashed and washed MDCM (mg/100 g)1 
Washed MDCM 
Amino acid Unwashed 
MDCM 1xH20 1xH20, then 
0.5% NaHC03 
Alanine 26.18±0.11 7.44±0.05 2.33±0.05 
Anserine 153±1 49.71±0.08 15.21±0.10 
Arginine 18.43±0.09 6.76±0.05 2.71±0.04 
Aspartic acid2 24.81±0.12 7.15±0.04 2.67±0.03 
Carnosine 15.30±0.09 5.26±0.04 2.02±0.02 
Cysteine 2.25±0.02 0.83±0.06 0.47±0.01 
Cystine 3.16±0.03 1.54±0.02 0.61±0.01 
Glutamic acid3 67.14±0.24 17.26±0.07 5.45±0.03 
Glycine 21.58±0.16 6.18±0.04 1.98±0.02 
Histidine 8.72±0.04 2.55±0.02 0.95±0.02 
Hydroxyproline 3.82±0.03 1.06±0.01 0.26±0.01 
Isoleucine 9.44±0.03 2.67±0.02 0.97±0.02 
Leucine 17.13±0.14 4.96±0.03 1.77±0.03 
Lysine 27.65±0.16 8.42±0.05 3.37±0.03 
Methionine 6.29±0.07 2.20±0.02 0.96±0.01 
Phenylalanine 8.71±0.06 2.67±0.02 0.85±0.01 
Serine 30.12±0.16 8.90±0.05 3.05±0.03 
Taurine 116±1 38.36±0.08 12.53±0.11 
Threonine 21.58±0.15 5.82±0.03 1.89±0.03 
Tryptophan 2.31±0.02 0.83±0.01 0.29±0.01 
Tyrosine 10.54±0.06 3.20±0.03 1.19±0.03 
Valine 17.14±0.10 4.49±0.04 1.49±0.04 
Total 611 188 63.0 
1 Results are mean values of 3 replicates ± standard deviation. Values in each row are 
significantly (p>0.05) different from one another. 
2 Determined from aspartic acid + asparagine. 
3 Determined from glutamic acid + glutamine. 
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The content of some nucleotides and nucleosides is given in Table 4.10. Washing 
brought about a substantial decrease in the concentration of inosine 5' -monophosphate 
(IMP), adenosine monophosphate (AMP), xanthine (X) and hypoxanthine (HX). The 
content of IMP was decreased from an initial level of 201 pg/g, by a factor of 9.0 after 
one washing with H20. Washing with NaHC03 solution further lowered the content of 
IMP by a factor of 14.3 in the resultant meat The content of X and HX was also 
lowered by the two washings. A TP was not detected in the samples due to its breakdown 
prior to analysis. However, ADP was not significantly (p>0.05) lowered due to washing, 
while AMP was decreased by 57 and 91% due to washing with water and NaHC03 
solution, respectively. 
Free amino acids and nucleotides play an important role in the flavour 
development of meat products during heat processing. These compounds which are 
water-soluble are among the non-volatile precursors of meat flavour and are capable of 
interacting with reducing sugars and vitamins, or their breakdown products, thus leading 
to the formation of a large number of important volatile compounds which are essential 
for flavour development in cooked meats (Shahidi, 1989). Therefore, as expected, washed 
MDCM would have little flavour and is relatively bland in taste as compared with 
unwashed samples. 
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Table 4.10 Some nucleotide/nucleosides contents (pg/g) of unwashed and washed 
MDCM1• 
Treatment ADP AMP IMP X HX 
Unwashed MDCM 142±19a 7.4±1.0a 201±4a 24.0±0.3a 135±4a 
Washed 
1 X H20 132±13a 3.2±0.2b 20.3±0.3b 7.1±0.2b 48.1±1.9b 
Washed once with 
water and then 
0.5% NaHC03 123±15a 0.7±o.oc 13.1±0.3c - 13.7±0.6c 
1 Results are mean values of 3 replicates ± standard deviation. Values each column with 
the same superscript are not significantly (p>0.05) different from one another. A TP was 
not detected in the samples. 
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4.5 Minerals 
Table 4.11 summarizes the selected mineral content of unwashed and washed 
meats. Washing with NaHC03 had a pronounced effect in removing most minerals. The 
content of phosphorous, zinc, magnesium, iron and potassium was decreased by 56, 64, 
67, 78 and 92%, respectively, in samples washed with 0.5% NaHC03 solution. Adu et 
a/. (1983) have also reported a lower mineral content in surimi produced from minced 
fish flesh as compared with unwashed meat, since almost all minerals are water-soluble. 
The calcium and sodium content in the samples was, however, increased. This increase 
in calcium could be due to the concentration of residual bone particles in the washed 
meats, while washing with NaHC03 is responsible for the enhanced sodium content of the 
washed samples. Removal of iron from the muscle tissue may extend the shelf-life of the 
. 
washed products. However, oxidation of ferrous to ferric compounds may also influence 
the rate of lipid oxidation in the resultant products. 
4.6 Nucleic acids 
The content of nucleic acids in both unwashed and washed MDCM is presented 
in Figure 4.1. The content of RNA of all samples was higher than that of DNA. The 
trrst washing with water (pH 6.9) decreased the content of DNA, RNA and the total 
nucleic acids in the samples by 32.2, 17.1 and 21.8%, respectively. NaHC03 solution was 
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Table 4.11 Selected minerals content of MDCM (mg/100 g)1• 
Minerals Unwashed MDCM Washed MDCM2 
Calcium 78.4±3.1 84.2±4.1 
Copper 0.1±0.0 < 0.1 
Iron 1.8±0.2 0.4±0.0 
Magnesium 17.7±0.5 5.8±0.1 
Manganese 0.1±0.0 < 0.1 
Phosphorus 195±4 86.4±3.7 
Potassium 229±7 18.5±0.3 
Sodium 86.8±4.2 123±3 
Zinc 2.2±0.2 0.8±0.1 
Total 611 319 
1 Results are mean values of 3 replicates ± standard deviation. 
2 Samples were washed once with water and then with 0.5% NaHC03 solution. 
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most effective in extracting the nucleic acids from the samples by 60.6% from 3.17 to 
1.25 mg/g. A relatively higher nucleic acid content in meat washed with water at pH 5.2 
as compared with the second washing with water (pH 7.1) may be due to coprecipitation 
of nucleic acids with myofibrillar proteins at a pH close to their isoelectric point. 
Coprecipitation of chicken embryo RNA with myosin in low ionic salt solution has been 
reported by Heywood et al. (1968). 
The content of nucleic acids in unwashed MDCM is slightly higher than a value 
of 2.75 mg/g reported by Savaiano et al. (1983) for mechanically deboned veal and values 
of 2.91 to 3.36 mg/g reported by Synowiecki and Shahidi (1992) for mechanically 
deboned seal meat. However, a value of 8.33 mg/g for mechanically deboned beef 
reported by Arusa et al. (1981) is much higher than those obtained in this study. A 2 g 
daily consumption of nucleic acids from foods is considered as the upper safe limit. 
Thus, 631 g of MDCM may be used without concern about their health-related 
drawbacks. Furthermore, different washings decreased the content of nucleic acids in 
the washed samples. The NaHC03 washing which was found to be most effective in 
decreasing hemoprotein and lipid contents, thereby producing a lighter meat, was also the 
most effective in decreasing the content of their nucleic acids. 
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Figure 4.1 Nucleic acids content of unwashed and washed MDCM. 
1, Unwashed MDCM; Washed: 2, 1 x H20; 3, 2 x H20; 4, 1 x H20, then 0.5% 
NaCl; 5, 1 x H20, then 0.5% NaHC03; 6, 1 x H20, then H20 (pH 5.2). 
Values with the same letter are not significantly (p>0.05) different from one 
another. 
-~ 
C> 
E 
-
"'C 
T5 
ctS 
(.) 
"(j) 
13 
:::3 
z 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
DNA 
a 
RNA 
a 
1 2 3 4 5 6 
Treatment 
83 
4. 7 Cholesterol 
The content of cholesterol in various samples after washing with different 
solutions is shown in Figure 4.2. The cholesterol content in raw meat was generally 
higher than that in cooked samples, but these differences were not significant except for 
the unwashed samples. 
Since cooking was done in sealed pouches no loss of moisture and fat was possible,. hence 
no change in the cholesterol content of samples was expected. Rhee et a/. (1982a) 
reported an increase of 35-65% in the cholesterol content of cooked beef longissimus 
muscle steaks as compared to raw and attributed this apparent increase to the loss of 
moisture during the cooking process. Washing with different media was effective in 
reducing the fat content of the washed meat, and this may explain the lower cholesterol 
content in the washed samples. Both intermuscular and subcutaneous fat have been 
reported to contribute to the cholesterol content of beef steaks (Rhee et al., 1982b ). The 
efficiency of cholesterol removal in all washed meats was similar (p>0.05), except for the 
sample washed with ~0 at pH 5.2. The second washing with H20 at pH 7.1 was most 
effective and decreased cholesterol content from 235 mg/100 g to 116 mg/100 gin the 
raw samples and from 198 to 114 mg/100 gin the cooked meats. Use of washed MDCM 
in emulsion-type products would result in reduced (40.8 to 57.8%) fat and cholesterol 
intake by consumers and affords a light-coloured product resembling breast meat. 
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Figure 4.2 Cholesterol content of raw and cooked MDCM as affected by washing. 
1,_ Unwashed MDCM; Washed: 2, 1 x H20; 3, 2 x H20; 4, 1 x H20, then 
0.5% NaCl; 5, 1 x H20, then 0.5% NaHC03; 6, 1 x H20, then H20 (pH 5.2). 
Values with the same letter (lower case = raw, upper case = cooked) are not 
significantly (p>0.05) different from one another. 
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4.8 Sulphydryl groups and disulphide bonds 
The results for the content of sulphydryl groups and disulphide bonds in unwashed 
and washed MDCM is presented in Table 4.12. Washing resulted in a decrease in the 
content of free sulphydryl groups of the meat as compared with the unwashed samples. 
A single washing with water resulted in a 14.1% decrease in content of sulphydryl groups 
and a second washing with water, 0.5% NaCl or 0.5% NaHC03 solution brought about 
a 19 .2, 17.5 and 31.1% decrease, respectively. However, there was a proportionate 
increase in the disulphide bonds except for meat washed with H20 at pH 5.2. The latter 
increase may be explained by the difference in the content of free sulphydryl groups and 
disulphide bonds between proteins, removed during washings from the samples and those 
present in the resultant meat. The second washing with water removed 28.1% of the 
proteins mostly sarcoplasmic, thus concentrating the myofibrillar and connective tissue 
proteins. 
The effect of heating at various temperatures (20-99 °C) for 40 min on sulphydryl 
groups and disulphide bonds in the samples is given in Table 4.13. There was a 
progressive decrease in the content of free sulphydryl groups as temperature increased. 
Increasing the temperature from 20 to 99 oc increased the disulphide bonds content by 
a factor of 3.3, while the sulphydryl groups decreased by 60.3%. Oxidation of sulphydryl 
groups to disulphide bonds may be a major cause for these changes. Liu et al. (1982) 
reported a decrease of about 50% in total sulphydryl groups of croaker actomyosin at 
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Table 4.12 Sulphydryl groups and disulphide bonds content in MDCM proteins1• 
Sulphydryl groups (pmoVg protein) 
Treatment Disulphide bonds 
Initial sample Mter reduction of (pmoVg protein)2 
disulphide bonds 
Unwashed MDCM 57.95±0.81a 76.23±0.51 a 8.86±0.44d . 
Washed 
1 X H20 49.79±0.59b 68.75±0.41c 9.77±0.51c 
2 X H20 46.85±0.26c 69.50±0.35c 10.98±0.63bc 
Washed once with 
H20 and then 
0.5% NaCl 47.83±0.25c 70.95±0.32b 11.21±0.71b 
0.5% NaHC03 39.93±0.17d 67.19±0.34d 13.22±0.92a 
~0 at pH 5.2 49.14±0.73b 66.77±0.36d 8.54±0.61d 
1 Results are mean values of 6 replicates ± standard deviation. Value in each column 
with the same superscript are not significantly (p>0.05) different from one another. 
2Disulphide bonds were calculated as [Total reduced SH - Free SH x 0.97]/2 (Synowiecki 
and Sikorski, 1988) 
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Table 4.13 Effect of heat processing (40 min) at various temperatures on sulphydryl 
groups and disulphide bonds in MDCM proteins1• 
Temperature, oc Sulphydyl groups, Disulphide bonds, 
(pmoVg protein) (pmoVg protein) 
20 60.32 ± 1.77 7.71 ± 1.12 
40 53.96 ± 1.59 10.79 ± 0.77 
50 45.96 ± 1.28 14.85 ± 0.51 
60 40.90 ± 0.55 17.40 ± 0.39 
75 35.95 ± 0.78 19.63 ± 0.42 
99 23.96 ± 0.57 25.35 ± 0.28 
1Results are mean values of 6 replicates ± standard deviation. Values in each column 
are significantly different (p<0.05) from one another. The total SH content in MDCM 
after reduction was 76.23±0.51 pmoles/g protein. 
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temperatures above 35 oc. The observed increase in disulphide bonds of MDCM proteins 
would most likely play an important role in gel formation properties of MDCM in 
processed meat products. 
The extent of thermal denaturation of proteins during heating expressed as changes 
in their solubility in 5% NaCl solution was also monitored (Figure 4.3). A large decrease 
in the solubility of MDCM proteins and a corresponding increase in their degree of 
thermal coagulation was observed between 40 and 60 °C. However, between 60 to 99 oc 
there was only a slight change in this parameter. Similar results were reported by Liu et 
al. (1982) when croaker actomyosin solutions were heated for 30 min with an observed 
sharp rise in protein coagulation between 35 and 60 °C. Although oxidation of sulphydryl 
groups may have contributed to coagulation of MDCM protein, hydrophobic interactions 
may have also contributed to protein aggregation and coagulation (Liu eta/., 1982). 
The influence of disulphide bond formation was also evidenced by comparison of 
the protein solubility in sodium dodecyl sulphate (SDS) with or without the addition of 
2-mercaptoethanol, which reduces the disulphide bonds. Solubility of MDCM proteins 
expressed as a% of their amount in the meat (14.3%), after heating at 80 °C in SDS with 
or without 2-mercaptoethanol were 81.2 ± 0.6% and 88.3 ± 0.3%, respectively (Figure 
4.4). 
Formation of disulphide bonds during heating at different temperatures (X) was 
found to correlate well with the degree of thermal coagulation of MDCM proteins (Y), 
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Figure 4.3 Degree of thermal coagulation of proteins extracted from MDCM by 5% NaCl 
in 0.003M NaHC03 solution. 
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with a correlation coefficient of r = 0.917 for the regression equation Y = 5.383X. The 
content of sulphydryl groups also depended on the heating time (Figure 4.4). The 
decrease in the content of SH groups (X) in MDCM heated at 80 oc for up to 60 min also 
correlated well with the decrease in solubility of proteins in 0.035M SDS (Y), (r=0.980) 
for the regression equation Y = 67.31 + 0.472X. The decrease in free SH groups 
paralleled disulphide bond formation in the samples. There was no significant (p>0.05) 
difference in the content of SH groups found in raw (76.23 ± 0.51 pmoVg) and cooked 
(78.87 ± 0.63 pmoVg) proteins after reduction of disulphide bonds. Thus, one may 
conclude that no H2S was produced in this process. 
4.9 Functional properties 
4.9.1 Percent cook yield 
The % cook yield of unwashed and washed MDCM is shown in Table 4.14. Meat 
samples washed with NaHC03 solution gave the highest cook yield. At pH values above 
the isoelectric point of myofibrillar proteins (5.2-5.5), less attraction occurs 
between the myofibrillar filaments resulting in large interstitial space and hence 
entrapment of water molecules in the myofibrillar network and enhanced hydration of 
samples washed with a bicarbonate solution. About 80% of the water held in meat is 
ascribed to the water that is entrapped in the lattice spacings between the protein 
filaments of the myofibrils (Hamm, 1985), hence the pH condition of meat will have a 
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Figure 4.4 Effect of heat processing time of MDCM at 80 oc on protein solubility in 
0.035M SDS and free sulphydryl groups content. 
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major influence on water retention and cook yield of the meat. Similar results were 
obtained for MDPM washed with a bicarbonate or phosphate solution (Dawson et al., 
1988). The cook yield of MDCM decreased by 19.6 and 18.6% after a one or a two-
stage aqueous washing, respectively. Percent cook yield of the sample washed with water 
at pH 5.2 decreased by 11.4% as compared with unwashed MDCM. Water binding of 
meat proteins is important in enhancing juiciness, which is a unique and desirable feature 
of good quality meat products. Meats washed with bicarbonate solutions are therefore 
suitable as an ingredient in meat products. 
4.9.2 Emulsion stability and emulsifying capacity 
The emulsion stability and emulsifying capacity of unwashed and washed MDCM 
is shown in Table 4.15. The emulsion stability data indicates that meats washed with 
H20 and NaHC03 solution produced slightly less stable emulsions than those from 
unwashed meats. The % stable emulsion formed in unwashed MDCM was 70.2±0.6%, 
and was decreased by 11.4 and 8.8% following washing with H20 or bicarbonate solution, 
respectively. The lower stability of emulsions formed from washed meats may be 
attributed to lower protein content in the washed MDCM. Emulsion stability of MDPM 
containing 15% protein was higher than that containing 9% protein (Baker and Darfler, 
1975). Increased content of collagen in the washed meats may also be a contributing 
factor in lowering the emulsion stability values. Meat with a high protein content would 
93 
Table 4.14 Percent cook yield of unwashed and washed MDCM1 
Treatment Percent cook yield 
Unwashed MDCM 67 .80±1.25b 
Washed 
1 X H20 54.49±0.26d 
2 X H20 55.15±0.69d 
Washed once with 
H20, then 
0.5% NaCl 57.89±0.16c 
0.5% NaHC03 72.10±1.10a 
H20 at pH 5.2 60.05±1.15c 
1 Results are mean values of 4 replicates ± standard deviation. Values in each column 
with the same superscript are not significantly (p>0.05) different from one another. 
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likely contain high amounts of salt-soluble proteins which contribute substantially to 
emulsion formation in the samples (Ahn et al., 1981). Therefore, hand deboned breast 
meat with a high protein content (21.9%) produced the most stable emulsion as compared 
with unwashed and washed meats. Elkhalifa et al. (1988) also reported that breast meat 
tissues more effectively stabilized emulsion than unwashed and washed turkey thigh meat. 
Emulsifying capacity of unwashed and washed MDCM were not significantly 
(p>0.05) different from one another (Table 4.15). However, McCready and Cunningham 
( 1971) have reported larger emulsifying capacity values for various poultry meats at pH 
7.0 than those at pH 5.0 or at the normal pH of meat (5.9-6.5). Therefore, removal of 
sarcoplasmic proteins has no adverse effect on emulsifying capacity of washed meats 
(Elkhalifa et al., 1988). The expected relative concentration of myofibrillar proteins in 
the washed meats may also be responsible for the observed numerical increase in 
emulsifying capacity of washed meats. Emulsifying capacity of hand de boned breast meat 
was greater than those of unwashed and washed MDCM. 
4.10 Fatty acid composition 
4.10.1 Fatty acid profile of total lipids 
The fatty acid composition of the total lipids of MDCM is shown in Table 4.16. 
Washing brought about a slight increase in the content of saturated fatty acids and a slight 
decrease in polyunsaturated fatty acids. The major fatty acids in the samples were oleic 
95 
Table 4.15 Emulsion stability and emulsifying capacity of unwashed and washed chicken 
meae. 
Treatment Emulsion stability Emulsifying capacity 
(%) (mL oiV2.5 g) 
Unwashed MDCM 70.2±0.6b 155±7b 
Washed 
1 X H20 63.0±0.3c 171±7b 
Washed once with 
H20, then 
0.5% NaHC03 64±0.7c 160±5b 
HDCM - Breast 72.8±0.7a 190±8a 
1 Results are mean values of 3 replicates ± standard deviation. Values in each column 
with the same superscript are not significantly (p>0.05) from one another. 
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(C18:1), palmitic (C16:0), linoleic (C18:J, stearic (C18:0) and palmitoleic (C16:1) which 
constituted 95.5 to 96.8% of the total fatty acids in unwashed and washed meats. The 
total crude lipid content of unwashed MDCM was 10.1% while that of meat washed with 
a NaHC03 solution was 4.9%. Neutral lipids constituted approximately 96.5% of the total 
lipids while phospholipids made up the remainder of lipids in the unwashed meat. There 
was an increase in phospholipids relative to the neutral lipids in washed MDCM. The 
content of phospholipids in MDCM washed with H20 and NaHC03 averaged 12.9% and 
15.1 %, respectively. 
4.10.2 Fatty acid profile of the neutral lipid fraction 
The fatty acid profile of the neutral lipids was similar to that of the total lipids 
(Table 4.17). This is due to the high proportion of neutral lipids in the total crude lipids. 
Simon and Gandemer (1986) reported a similar trend for lipids ofMDCM. Other workers 
have also found oleic and palmitic acids in high concentration in MDCM (Jantawat and 
Dawson, 1979; Moerck and Ball, 1974). Low levels of polyunsaturated fatty acids were 
found in the neutral lipid fraction. Moerck and Ball (1974) reported similar results for 
the non-polar fatty acids of chicken breast, thigh muscles, skin and MDCM. The effect 
of washing on the fatty acids of non-polar lipids fraction of MDCM was similar to that 
of total lipids (see Table 4.17). The neutral lipid fraction of meats makes a minimal 
contribution to its oxidation (!gene and Pearson, 1979). The fatty acid composition of the 
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Table 4.16 Fatty acid profile of total lipids from unwashed and washed MDCM1• 
Washed MDCM 
Fatty acid2 Unwashed MDCM 
1xH20 1xH20, then 
0.5% NaHC03 
14:0 0.96 1.69 0.78 
14:1 0.20 0.15 0.15 
16:0 23.45 23.66 27.09 
16:1 6.17 6.43 5.64 
18:0 7.33 7.81 7.39 
18:1 46.02 45.86 45.58 
18:2 12.55 12.19 11.14 
18:3 1.86 0.53 0.53 
20:0 0.12 0.14 0.18 
20:2 0.34 0.61 0.54 
20:3 0.16 0.19 0.12 
20:4 0.84 0.74 0.86 
20:5 trace trace trace 
22:5 trace trace trace 
22:6 trace trace trace 
Saturates 31.86 33.30 35.44 
Mono unsaturates 52.39 52.44 51.37 
Polyunsaturates 15.75 14.26 13.19 
1 Results are average values of 2 replicates 
2 Number of carbon atoms:number of double bonds. 
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Table 4.17 Fatty acid profile of neutral lipids from unwashed and washed MDCM1• 
Washed MDCM 
Fatty acid2 Unwashed MDCM 
1xH20 1xH20, then 
0.5% NaHC03 
14:0 0.93 1.61 0.72 
14:1 0.18 0.16 0.14 
16:0 23.37 26.01 26.56 
16:1 6.15 6.08 5.81 
18:0 7.27 6.47 7.17 
18:1 46.17 45.60 46.36 
18:2 12.57 11.88 11.19 
18:3 1.87 0.56 0.59 
20:0 0.14 0.12 0.23 
20:2 0.37 0.69 0.63 
20:3 0.18 0.19 0.16 
20:4 0.78 0.63 0.44 
Saturates 31.71 34.21 34.68 
Mono unsaturates 52.50 51.84 52.31 
Polyunsaturates 15.77 13.95 13.01 
1 Results are average values of 2 replicates. 
2 Number of carbon atoms:number of double bonds. 
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neutral lipids contained more saturated and short-chain unsaturated fatty acids which are 
less susceptible to oxidative degradation, hence the contribution of neutral lipids to 
oxidative deterioration of chicken lipids is less important as compared to that of 
phospholipids. 
4.10.3 Fatty acid profile of the phospholipid fraction 
The fatty acid composition of the phospholipids fraction of MDCM lipids is given 
in Table 4.18. Results indicate that the fatty acid composition of this fraction is quite 
different from that of the total and neutral lipids. The predominant fatty acids of the 
phospholipids in the unwashed and washed MDCM were oleic (C18:1), palmitic (C16:0) and 
linoleic (C18:J. The total saturated fatty acids slightly decreased due to washing with· 
either H20 or NaHC03 solution, while the polyunsaturated fatty acids increased. The 
presence of polyunsaturated fatty acids with 3 to 6 double bonds was conspicuous in the 
fatty acid profile of the phospholipid fraction. These long-chain (C18 to ~2 ) 
polyunsaturated fatty acids accounted for 9.51 to 11.01% of the total fatty acids of the 
phospholipids as compared with 1.23 to 1.33% in the neutral lipids fraction. Presence of 
large proportion of highly unsaturated fatty acids (HUFA), linoleic acid (C18:J and 
arachidonic acid (~0:4) is a distinctive characteristic of chicken meat phospholipids (Lee 
and Dawson, 1973). The polyunsaturated fatty acids are highly prone to oxidation. It is 
often assumed that oxidative deterioration of tissue lipids is primarily due to oxidation of 
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Table 4.18 Fatty acid profile of phospholipids from unwashed and washed MDCM1• 
Washed MDCM 
Fatty acid2 Unwashed MDCM 
1xH20 1xH20, then 
0.5% NaHC03 
14:0 0.44 1.29 0.54 
14:1 0.12 0.10 0.10 
16:0 23.71 21.65 22.25 
16:1 2.39 3.14 2.27 
18:0 17.40 17.40 17.50 
18:1 29.19 29.19 28.05 
18:2 14.86 14.86 15.60 
18:3 0.37 0.54 0.32 
20:0 0.52 0.54 0.48 
20:2 0.35 0.43 0.56 
20:3 0.57 0.67 0.79 
20:4 4.10 4.32 4.61 
20:5 trace trace trace 
22:0 0.48 0.51 0.55 
22:4 1.41 1.67 1.55 
22:5 0.92 1.07 1.31 
22:6 1.73 2.01 2.19 
24:0 trace trace trace 
24:1 1.44 1.10 1.33 
Saturates 42.55 41.27 41.32 
Mono unsaturates 33.14 33.15 31.75 
Polyunsaturates 24.31 25.58 26.93 
1 Results are average values of 2 replicates. 
2 Number of carbon atoms:number of double bonds. 
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phospholipids. Lee and Dawson (1973) have shown that the phospholipids in chicken 
muscles and skin had the greatest effect on lipid deterioration based on their loss of fatty 
acids during cooking and frozen storage even when a much greater amount of neutral 
lipids were present in these tissues. The inefficient removal of polyunsaturated fatty acids 
during washing of MDCM may have minor effects in enhancing the oxidative and flavour 
stability of washed MDCM. 
4.10.5 Individual phospholipids 
The separation of individual phospholipids of MDCM on a TLC plate is 
represented in Figure 4.5. The phospholipid classes identified were phosphatidylcholine 
(PC}, phosphatidylethanolamine (PE), phosphatidylserine (PS}, sphingomyelin (SPH) and 
lysophosphatidylcholine (LPC). The solvent front (SF) contains phosphatidic acid, 
phosphatidylglycerol, cardiolipin, cholesterol and trace levels of triglycerides. The 
proportions of these phospholipids in the MDCM were in agreement with other reports. 
Of the compounds separated and identified, PC was very dominant followed by PE, SPH, 
PS and LPC (Table 4.19). Similar fmdings were reported by Pikul and Kummerow 
(1990). 
The high proportions of PC and PE are characteristic of chicken muscle fat (Lee 
and Dawson, 1976). Jantawat and Dawson (1980) have reported that PC, PE, SPH and 
PS are the predominant components of muscle and bone phospholipids and comprised 
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Figure 4.5 Diagram of a thin-layer chromatogram showing separation of the classes of 
MDCM phospholipids. 
SF, solvent front (phosphatidic acid, phosphatidylglycerol, cardiolipin, 
cholesterol and triglycerides); PE, phosphatidylethanolamine; PS, 
phosphatidylserine; PC, phosphatidylcholine; SPH, sphingomyelin; LPC, 
lysophosphatidylcholine. 
INTENSITY: 
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Table 4.19 Percentage phospholipid (PL) concentration relative to the total PL1• 
Washed MDCM 
Phospholipid2 Unwashed MDCM 
1xH20 1xH20, then 
0.5% NaHC03 
SF 5.1±0.1 fA 5.2±0.1eA 5.0±0.1eA 
PE 15.8±0.2bA 16.5±Q.3bA 16.4±Q.3bA 
PS 8.1±0.1dA 8.5±0.2dA 8.6±0.1dA 
PC 53.9±0.4aA 51.6±0.5aB 51.5±0.6aB 
SPH 9.9±0.2cA 10.0±0.2cA 10.2±0.2cA 
LPC 7.2±0.2eA 8.2±0.1dB 8.3±0.1dB 
1 Results are mean values of 3 replicates ± standard deviation. Values with the same 
superscript in each column<a-f) and row<A-B> are not significantly (p>0.05) different 
from one another. 
2 SF, solvent front (phosphatidic acid, phosphatidylglycerol, cardiolipin, cholesterol and 
triglycerides); PE, phosphatidylethanolamine; PS, phosphatidylserine; PC, 
phosphatidylcholine; SPH, sphingomyelin; LPC, lysophosphatidylcholine. 
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approximately 90% of the total phospholipids. Washing was effective in lowering PC by 
4.3 and 4.5% in meats when using H20 and a bicarbonate solution, respectively. A 
corresponding increase in the content of PE, SPH and PS was observed. 
In general, an increase in the content of phospholipid groups in the washed 
samples was observed. The extent of susceptibility of individual phospholipids to 
oxidation was reported by Pikul and Kummerow ( 1990) who noted that PC and PE 
produced 70-77% of the total amount of phospholipid malonaldehyde from the 
phospholipid fraction of chicken lipids during 24 h storage. 
4.11 Oxidative stability 
The 2-thiobarbituric acid (TBA) number, defined as mg of malonaldehyde 
equivalents per kg of sample, of raw MDCM and hand deboned chicken meat (HDCM) 
as affected by washing during a 2-wk storage period at 4 oc are shown in Table 4.20. 
Results generally indicate a wide variation in the TBA values of meats from different 
parts of birds and those deboned mechanically versus manually. The TBA values of 
MDCM samples were generally higher than values obtained for HDCM. Higher content 
of polyunsaturated fatty acids and hemoproteins in MDCM as compared with HDCM 
(Moerck and Ball, 1973; Pikul and Niewiarowicz, 1988) may be responsible for this 
observation. The TBA numbers of raw NaHC03 washed MDCM from necks and backs 
increased as compared with their unwashed counterparts by a factor of 1.8 as compared 
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Table 4.20 2-Thiobarbituric acid (TBA) values (mg malonaldehyde equivalents/kg 
sample) of raw samples stored at 4 °C over a 2 wk period1• 
Meat Treatmenf Storage period (days) 
sample 
0 3 7 10 14 
HDCM 1 0.11 0.29 0.20 0.21 0.18 
(necks and 2 0.21 0.44 0.46 0.30 0.22 
backs) 3 0.57 0.57 0.44 0.44 0.49 
HDCM 1 0.18 0.18 0.15 0.17 0.16 
(legs and 2 0.18 0.15 0.14 0.17 0.15 
backs) 3 0.56 0.58 0.48 0.63 0.73 
HDCM 1 0.21 0.16 0.10 0.18 0.17 
(breast) 2 0.53 0.80 0.97 1.03 0.97 
3 0.50 1.06 0.48 0.53 0.46 
MDCM 1 0.22 0.30 0.29 0.33 0.61 
(necks and 2 0.20 0.21 2.67 2.73 2.29 
backs) 3 0.16 0.27 2.44 2.53 1.93 
MDCM 1 0.26 0.91 0.41 0.86 1.12 
(legs and 2 0.32 0.26 0.43 0.40 0.34 
backs) 3 0.46 0.38 0.87 0.64 0.72 
MDCM 1 0.08 0.16 1.02 0.24 0.30 
(breast and 2 0.23 0.36 3.58 3.06 2.11 
backs) 3 0.64 1.14 1.55 1.26 1.03 
1 Results are average values of 2 replicates. 
2 1, Unwashed; Washed: 2, 1 x H20; 3, 1 x H20, then 0.5% NaHC03• 
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with a factor of 1.6 for the hand deboned chicken meat. 
The washed meats also showed oxidative deterioration during the storage period. 
The TBA value of MDCM (necks and backs) washed with NaHC03 solution was 
increased by 1480% from an initial value of 0.16. The mixing involved during washing 
may have brought the lipids into contact with prooxidants such as hemoproteins in the 
meat (Dawson eta/., 1989). Preferential removal of neutral lipids during washing as 
compared to phospholipids (see Section 4.10.1) may have also contributed to higher TBA 
values in washed meats. The phospholipids, due to their high degree of unsaturation, are 
the components of meat lipids which contribute primarily to oxidative deterioration of 
meat lipids and the development of warmed-over flavour in cooked products (Pikul eta/., 
1984; lgene and Pearson, 1979). The neutral lipids constitute the bulk of fats which are 
preferentially removed from the samples thus, concentrating the phospholipids relative to 
neutral lipids in the washed meats. 
The TBA values of cooked unwashed and washed MDCM and HDCM are 
presented in Table 4.21. The TBA values of cooked meats were in general much higher 
than those of uncooked products. Thus, warmed-over flavour development in cooked 
poultry meat is faster than the rate of normal lipid oxidation in raw meats and lends 
further support to the findings of Gray and Pearson (1987). The TBA values of cooked 
MDCM indicates oxidative instability of the unwashed and washed meats. However, 
washing with H20 and NaHC03 were effective in producing cooked products with a lower 
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Table 4.21 2-Thiobarbituric acid (TBA) values (mg malonaldehyde equivalents/kg 
sample) of cooked samples stored at 4 oc over a 2 wk period1• 
Meat sample Treatmenf Storage period (days) 
0 3 7 10 14 
HDCM 1 5.67 10.41 12.01 9.48 8.22 
(legs and 2 0.86 8.44 8.59 7.48 6.91 
backs) 3 4.57 0.72 0.98 1.33 1.87 
HDCM 1 6.58 12.1 13.5 10.4 11.2 
(breast) 2 4.23 5.91 6.29 5.05 4.90 
3 1.00 0.89 0.86 0.72 0.81 
MDCM 1 1.60 4.44 6.17 5.26 6.39 
(necks and 2 0.74 1.76 2.52 1.93 2.05 
backs) 3 0.52 1.32 1.80 1.29 2.01 
MDCM 1 1.59 6.69 8.79 6.71 7.00 
(legs and 2 0.49 2.15 2.65 2.30 2.91 
backs) 3 0.56 2.17 2.96 2.39 3.25 
MDCM 1 0.98 4.27 5.72 5.03 6.09 
(breast and 2 0.45 1.28 1.05 1.51 1.89 
backs) 3 0.46 0.66 1.08 0.91 1.38 
1 Results are average values of 2 replicates. 
2 1, Unwashed; Washed: 2, 1 x H20; 3, 1 x H20, then 0.5% NaHC03• 
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rate of off-flavour development as indicated by their TBA values. The TBA numbers of 
cooked unwashed MDCM (necks and backs) increased by a factor of 3.0 from an initial 
value of 1.60 during a 2-wk storage at 4 °C. The TBA value of the meat washed with 
a NaHC03 solution was increased by a factor of 2.8 from an initial value of 0.52 over the 
same period. This general trend for lower TBA values of cooked washed meats may be 
due to lower amounts of hemoproteins and free iron in cooked washed meats. 
Hemoproteins are a known source of free iron, which are released during cooking which 
accelerate lipid oxidation in the meats (lgene et a/., 1979; Chen et a/., 1984). The 
sensory evaluation of the cooked meat was not carried out, however, TBA value of 
approximately one have been related to the threshold level of rancidity in pork (Watts, 
1962). H one wo~ld relate this value to MDCM, most unwashed and washed samples 
have reached such a threshold level within 0-3 days of storage at 4 °C. 
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CONCLUSIONS 
Washing of MDCM with aqueous solutions brought about definite changes in the 
compositional characteristics of the products. Differences in total protein in the unwashed 
and washed meats were considered to be due to the removal of sarcoplasmic proteins. 
However, the amino acid composition and predicted protein efficiency ratio of unwashed 
and washed meats were similar. Loss of hemoproteins and total lipids as a result of 
washing of MDCM with a 0.5% NaHC03 solution was maximal and produced a light-
coloured and low-fat product which may potentially be used as a breast-meat substitute 
in product formulations. The cook yield of the resultant washed meats was improved, but 
the emulsifying capacity and the emulsion stability were not enhanced in the washed 
MDCM. 
Washing of MDCM also removed a considerable proportion of nucleic acids and 
cholesterol in the samples. However, some desirable flavour precursors such as free 
amino acids and nucleotides were also extracted from MDCM. Despite the removal of 
hemoproteins in washed meats, the raw washed samples had lower oxidative stability as 
compared with their unwashed counterparts and this was attributed to the concentration 
of phospholipids in the washed meat samples. However, cooked washed meats had better 
oxidative stability than their raw washed counterparts. 
Further study is needed on the functional properties of the washed MDCM 
especially with respect to viscosity, textural and gel formation properties which would 
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enable proper assessment of the products for possible incorporation of washed meat in a 
wide variety of fabricated products. Research on improving the yield during the washing 
process and enhancing oxidative stability of washed MDCM is also needed. 
REFERENCES 
Acton, J.C. (1972). The effect of meat particle size on extractable protein, cooking loss 
and binding strength in chicken loaves. J. Food Sci. 37, 240-243. 
Acton, J.C. (1973). Composition and properties of extruded, texturized poultry meat. J. 
Food Sci. 38, 571-574. 
Adu, G.A., Babbitt, J.K. and Crawford, D.L. (1983). Effect of washing on the nutritional 
and quality characteristics of dried minced rockfish flesh. J. Food Sci. 48, 1053-
1055, 1060. 
Ahn, B.Y., Kim, J.W . and Lee, Y.B. (1981). Chemical and functional characteristics of 
mechanically deboned chicken meat and its utilization in processed meat. 1. 
Chemical and functional characteristics of mechanically deboned chicken meat. 
Korean J. Food Sci. Techno/. 13, 171-175. 
Alvarez, V.B., Smith, D.M., Morgan, R.G. and Booren, A.M. (1990). Restructuring of 
mechanically deboned chicken meat and non-meat binders in a twin-screw extruder. 
J. Food Sci. SS, 942-946. 
Ang, C.Y.W. (1986). Effect of further processing and storage of mechanically deboned 
chicken on proximate compositions, thiamin, riboflavin and TBA values. J. Food 
Sci. 51, 861-864. 
Ang, C.Y.W. and Hamm, D. (1982). Proximate analyses, selected vitamins and minerals 
and cholesterol content of mechanically deboned and hand-deboned broiler parts. 
J. Food Sci. 47, 885-888. 
AOAC. (1990). Official Methods of Analysis, 15th ed. Association of Official Analytical 
Chemists, Washington, D.C. 
Aref, M.M. and Tape, N.W. (1966). A new method for processing turkey roll. Can. Food 
Ind. cited by Vadehra, D.V. and Baker, R.C. 1970. The mechanism of heat 
initiated binding of poultry meat. Food Techno/. 24, 766-779. 
Arusa, P., Field, R.A., Kruggel, W.O. and Miller, G.J. (1981). Nucleic acid content of 
bovine bone marrow, muscle and mechanically deboned beef. J. Food. Sci. 46, 
1114-1116. 
112 
Ashghar, A. and Pearson, A.M. (1980). Influence of ante- and postmortem treatments upon 
muscle composition and meat quality. Adv. Food Res. 26, 52-213. 
Babbitt, J.K. (1986). Suitability of seafood species as raw materials. Food Techno/. 40(3), 
97-100, 104. 
Babji, A.S., Froning, G.W. and Satterlee, L.D. (1980). Protein nutritional quality of 
mechanically deboned poultry meat as predicted by the C-PER assay. J. Food Sci. 
45, 441-443. 
Baker, R.C. and Darfler, J. (1975). Acceptability of frankfurters made from mechanically 
deboned turkey frames as affected by formulation changes. Poultry Sci. 54, 1283-
1288. 
Ball, H.R. Jr. and Montejano, J.G. (1984). Composition of washed broiler thigh meat. 
Poultry Sci. 63(Suppl. 1),60 (Abtr.) 
Barbut, S., Draper, H.H. and Cole, P.O. (1989). Effect of mechanical deboner head 
pressure on lipid oxidation in poultry meat. J. Food Protect. 52, 21-25. 
Barbut, S., Kakuda, Y. and Chan, D. (1990). Effects of carbon dioxide, freezing and 
vacuum packaging on the oxidative stability of mechanically de boned poultry meat. 
Poultry Sci. 69, 1813-1815. 
Beckman 121MB-TB-017 Application Notes (Model 121MB data system), Palo Alto, CA, 
1979. 
Blackburn, S. (1978). Sample preparation and hydrolytic methods. In Amino Acid 
Determination Methods and Techniques. ed. S. Blackburn. Marcel Dekker, Inc., 
New York, pp. 7-37. 
Bligh, E.G. and Dyer, W.J. (1959). A rapid method of total lipid extraction and 
purification. Can. J. Biochem. Physiol. 37, 911-917. 
Brinkman, G.L. and MacNeil, J.H. (1976). Protein quality of mechanically deboned 
poultry meat as measured by rat PER. Nutrition Reports International, 14, 365-
369. 
113 
Brown, D.D. and Toledo, R.T. (1975). Relationship between chopping temperatures and 
fat and water binding in comminuted meat batters. J~ Food Sci. 40, 1061-1064. 
Burke, T. (1992). Vice President, Newfoundland Farm Products Corporation, St. John's, 
Newfoundland. Personal Communication. 
Ceriotti, G. (1952). A microchemical determination of deoxyribonucleic acid. J. Bioi. 
Chern. 198, 297-303. 
Chant, J.L., Day, L., Field, R.A., Kruggel, W.G. and Chang, Y.O. (1977). Composition 
and palatability of mechanically deboned meat and mechanically separated tissue. 
J . Food Sci. 42, 306-309. 
Chastain, M.P., Huffman, D.L., Hsieh, W.H. and Cordray, J.C. (1982). Antioxidants in 
restructured beef/pork steaks. J. Food Sci. 47, 1779-1782. 
Chen, C.C., Pearson, A.M., Gray, J.I., Fooladi, M.H. and Ku, P.K. (1984). Some factors 
influencing the nonheme iron content and its implications. J. Food Sci. 49,581-584. 
Christie, W.W. (1982). Lipid Analysis. Pergamon Press, New York. pp. 107-134. 
Cunningham, F.E. and Mugler, D.J. (1974). Deboned fowl meat offers opportunities. 
Poultry Sci. 25, 46-50. 
Dawson, P.L., Sheldon, B.W. and Ball, H.R. Jr. (1988). Extraction of lipid and pigment 
components from mechanically deboned chicken meat. J. Food Sci. 53, 1615-
1617. 
Dawson, P.L., Sheldon, B.W. and Ball, H.R. Jr. (1989). Pilot-plant washing procedure 
to remove fat and color components from mechanically deboned chicken meat. 
Poultry Sci. 68, 749-753. 
Dawson, P.L., Sheldon, B.W. and Ball, H.R. Jr. (1990a). Effect of washing and adding 
spray-dried egg white to mechanically deboned chicken meat on the quality of 
cooked gels. Poultry Sci. 69:307-312. 
Dawson, P.L., Sheldon, B.W., Larick, D.K. and Ball, H.R. Jr. (1990b). Changes in the 
phospholipid and neutral-lipid fractions of mechanically deboned chicken meat due 
to washing, cooking and storage. Poultry Sci. 69:166-175. 
114 
Dhillon, A.S. and Maurer, A.J. (1975a). Utilization of mechanically deboned chicken meat 
in formulation of summer sausages. Poultry Sci. 54, 1164-1174. 
Dhillon, A.S. and Maurer, A.J. (1975b). Stability study of comminited poultry meats in 
frozen storage. Poultry Sci. 54, 1407-1414. 
Drabkin, D.L. (1950). The distribution of the chromoproteins, hemoglobin, myoglobin 
and cytochrome C, in the tissues of different species and the relationship of the 
total content of each chromoprotein to body mass. J. Bioi. Chern. 182:317-333. 
Dziezak, J.D. (1986). Preservatives: Antioxidants. Food Techno/. 40(9), 94-109. 
Elkhalifa, E.A, Graham, P.P., Marriott, N.G. and Phelps, S.K. (1988). Color characteristics 
and functional properties of flaked turkey dark meat as influenced by washing 
treatments. J. Food Sci. 53, 1068-1071, 1080. 
Ellman, G.L. (1959). Tissue sulfhdryl groups. Arch. Biochem. Biophys. 82, 70-77. 
Essary, E.O. (1979). Moisture, fat, protein and mineral content of mechanically deboned 
poultry meat. J. Food Sci. 44, 1070-1073. 
Essary, E.O. and Ritchey, S.J. (1968). Amino acid composition of meat removed from 
boned turkey carcasses by use of commercial boning machine. Poultry Sci. 47, 
1953. 
Feeley, R.M., Criner, P.E. and Watt, B.K. (1972). Cholesterol content of foods. J. Am. 
Dietet. Ass. 61, 134-149. 
Field, R.A. (1981). Mechanically deboned red meat. Food Techno/. 30(9), 38-48. 
Field, R.A. (1988). Mechanically separated meat, poultry and fish. In Edible Meat By-
Products, Advances in Meat Research. Vol. 5. eds. A.M Pearson and T.R. Dutson. 
Elsevier Applied Science, London, pp. 83-126. 
Field, R.A. and Riley, M.L. (1974). Characterization of meat from mechanically deboned 
lamb breast. J. Food Sci. 39, 851-852. 
Food and Agricultural Organization/World Health Organization. (1973). Energy and 
protein requirements. Report of a joint Food and Agricultural Organization/World 
115 
Health Organization adhoc expert committee. World Health Organization 
Technical Report Series No. 522, Geneva, Switzerland. 
Frankel, E.N. (1984). Recent Advances in the Chemistry of Meat. ed. A.J. Bailey. The 
Royal Society of Chemistry, Special Publication, No 47, London, pp. 87-118. 
Froning, G.W. (1973). Effect of chilling in the presence of polyphosphates on the 
characteristics of mechanically deboned fowl meat. Poultry Sci. 52, 920-923. 
Froning, G.W. (1976). Mechanically deboned poultry meat. Food Techno/. 30(9), 50-63. 
Froning, G.W. (1979). Characteristics of bone particles from various poultry meat 
products. Poultry Sci. 58, 1001-1003. 
Froning, G.W. (1981). Mechanical deboning of poultry and fish. Adv. Food Res. 21, 109-
147. 
Froning, G.W. and Johnson, F. (1973). Improving the quality of mechanically deboned 
fowl meat by centrifugation. J. Food Sci. 38, 279-281. 
Froning, G.W., Arnold, R.G. Mandigo, R.W., Neth, C.E. and Hartung, T.E. (1971). 
Quality and storage stability of frankfurters containing 15% mechanically deboned 
turkey meat. J. Food Sci. 36, 974-978. 
Froning, G.W., Cunningham, F.E. and Suderman, D.R. (1979). Characterization of bone 
particles from cooked and uncooked mechanically deboned chicken meat. Poultry 
Sci. 58, 1058. 
Froning, G.W., Cunningham, F.E., Suderman, D.R. and Sackett, B.M. (1981). 
Characteristics of bone particles and measurement of bone particle size from 
mechanically deboned poultry. Poultry Sci. 60, 1443-1447. 
Froning, G.W. and Janky, D.W. (1971). Effect of pH and salt preblending on emulsifying 
characteristics ofmechanically-deboned turkey frame meat. Poultry Sci. 60, 1206-
1209. 
Froning, G.W., Satterlee, L.D. and Johnson, F. (1973). Effect of skin content prior to 
deboning on emulsion and colour characteristics of mechanically deboned chicken 
back meat. Poultry Sci. 52, 923-926. 
116 
Gray~ J.I. and Pearson~ A.M. (1987). Rancidity and warm-over flavor. In Advances in 
Meat Research~ vol. 3. eds. A.M. Pearson and T.R. Dutson. Van Nostrand 
Reinhold Co.~ New York~ pp. 221-269. 
Greene~ B.E., Hsin~ I. and Zipser~ M.W. (1971). Retardation of oxidative color changes 
in raw ground beef. J. Food Sci. 36~ 940-943. 
Grunden~ L.P. and MacNeil~ J.H. (1973). Examination of bone content in mechanically 
deboned poultry meat by EDT A and atomic absorption spectrophotometric methods. 
J. Food Sci. 38~ 712-713. 
Grunden~ L.P.~ MacNeil~ J.H. and Dimick~ P.S. (1972). Poultry product quality: Chemical 
and physical characteristics of mechanically deboned poultry meat. J. Food Sci. 
37~ 247-249. 
Gur~ M.I. (1984). Role of Fats in Food and Nutrition. Elsevier Applied Science Pub.~ 
London~ pp. 145-157. 
Hamm, R. (1985). The effect of water on the quality of meat and meat products: Problems 
and research needs. In Properties of Water in Foods in Relation to Quality and 
Stability. eds. D. Simatos and J.L. Multon. Martinus Nijhoff Pub.~ Dordrecht~ 
Netherlands~ pp 591-602. 
Hamm~ D. and Young~ L.L. (1983). Further studies on the composition of commercially 
prepared mechanically deboned poultry meat. Poultry Sci. 62~ 1810-1815. 
Hamm~ D.~ Lyon~ C.E.~ Hudspeth~ J.P.~ Benoff, F.H.~ Ayres~ J.L. and Minear~ L.R. (1982). 
Comparison of meat yields from hot~ noneviscerated vs commercially processed 
broilers. Poultry Sci. 61~ 1379-1380. 
Hernandez~ A.~ Baker~ R.C. and Hotchkiss~ J.H. (1986). Extraction of pigments from 
mechanically deboned turkey meat. J. Food Sci. 51~ 865-867, 872. 
Heywood, S.M., Dowben, R.M. and Rich, A. (1968). A study of muscle polyribosomes 
and coprecipitation of polyribosomes with myosin. Biochem. 1, 3289-3292. 
Homsey, H. C. (1956). The colour of cooked cured pork II: Estimation of the nitric oxide-
haem pigments. J. Sci. Food Agric. 1, 534-540. 
117 
Igene, J.O. and Pearson, A.M. (1979). Role of phospholipids and triglycerides in warm-
over flavour development in meat model systems. J. Food Sci. 44, 1285-1290. 
lgene, J.O., King, J.A., Pearson, A.M. and Gray, J.I. (1979). Influence of haem pigments, 
nitrite and non-haem iron on development of warmed over flavour in cooked meat. 
J. Agric. Food Chern. 27, 838-842. 
lgene, J.O., Pearson, A.M., Dugan, L.R. and Price, J.F. (1980). Role triglycerides and 
phospholipids in development of rancidity in model meat systems during frozen 
storage. Food Chern. 5, 263-276. 
Janky, D.M. and Froning, G.W. (1975). Factors affecting chemical properties of heme 
and lipid components in mechanically deboned turkey meat. Poultry Sci. 54, 1378-
1387. 
Jantawat, P. and Carpenter, J.A. (1989). Salt preblending and incorporation of 
mechanically deboned chicken meat in smoked sausage. J. Food Quality, 12, 393-
402. 
Jantawat, P. and Dawson, L.E. (1980). Composition of lipids from mechanically deboned 
poultry meats and their composite tissues. Poultry Sci. 59, 1043-1052. 
Jurdi, D., Mast, M.G. and MacNeil, J.H. (1980). Effects of carbon dioxide and nitrogen 
atmospheres on the quality of mechanically deboned chicken meat during frozen 
and non-frozen storage. J. Food Sci. 45, 641-644, 666. 
Kanner, J., Ben-Gera, I. and Berman, S. (1980). Nitric-oxide myoglobin as an inhibitor 
of lipid oxidation. Lipids, 15, 944-948. 
Karatzas, C.N. and Zarkadas, C.G. (1988). Determination of myofibrillar and connective 
tissue protein contents and amino acid composition of selected composite meat 
products. J. Agric. Food Chern. 36, 1109-1121. 
Keough, K.M.W. and Kariel, M. (1987). Differential scanning calorimetric studies of 
aqueous dispersions of phosphotidylcholine containing two polyenoic chains. 
Biochern. Biophys. Acta. 902, 11-18. 
Keshri, R.C., Syamsunder, G. and Singh, B.P. (1981). Mechanically deboned poultry meat 
(MDPM). Poultry Guide 18, 33-34. 
118 
Kinsella, J.E. (1982a). Relationships between structure and functional properties of food 
proteins. In Food Proteins. eds. P.F. Fox and J.J. Condon. Applied Science Pub. 
Ltd. Essex, England, pp. 51-103. 
Kinsella, J.E. (1982b). Protein structure and functional properties: emulsification and 
flavour binding effects. In Food Protein Deterioration, Mechanisms and 
Functionality. ed. J.P. Cherry. ACS Symposium Series 206. Washington, DC, pp. 
301-326. 
Kolbye, A., Nelson, M.A. and Murphy, W.E. (1977). Health and safety aspects of the use 
of mechanically deboned meat. Final report and recommendations. Select Panel 
on Meat and Poultry Inspection Program. USDA, Washington, DC. 
Krzynowek, J., Peton, D. and Wiggin, K. (1984). Proximate composition, cholesterol and 
calcium content in mechanically separated fish flesh from three species of the 
Gadidae family. J. Food Sci. 49, 1182-1185. 
Kumar, S. and Wismen-Pedersen, J. (1983). Nutritive value of mechanically and manually 
deboned poultry. Indian J. Poult. Sci. 18, 147-152. 
Kumar, S., Wismer-Pedersen, J. and Caspersen, C. (1986). Effect of raw materials, 
deboning methods and chemical additives on microbial quality of mechanically 
deboned poultry meat during frozen storage. J. Food Sci. Techno/. 23, 217-220. 
Kunsman, J.E., Collins, M.A., Field, R.A. and Miller, G.J. (1981). Cholesterol content 
of beef bone marrow and mechanically deboned meat. J. Food Sci. 45, 1785-1788. 
Lai, S.M., Gray, J.l., Smith, D.M., Boonen, A.M., Crackel, R.L. and Buckley, D.J. (1991). 
Effects of oleoresin rosemary, tertiary butylhydroquinone, and sodium 
tripolyphosphate on the development of oxidative rancidity in restructured chicken 
nuggets. J. Food Sci. 56, 616-620. 
Lanier, T.C. (1986). Functional properties of surimi. Food Techno/. 40(3), 107-114, 124. 
Lawrence, R.A., Jelen, P. and Fedec, P. (1982). Pilot plant extraction of protein from 
mechanically separated poultry residues. Can. Inst. Food Sci. Techno/. J. 15, 325-
328. 
Lee, C.M. (1984). Surimi process technology. Food Techno/. 38(11), 69-80. 
119 
Lee, W.T. and Dawson, L.E. (1973). Chicken lipid changes during cooking in fresh and 
reused cooking oil. J. Food Sci. 38, 1232-1237. 
Lee, W.T. and Dawson, L.E. (1976). Changes in phospholipids in chicken tissues during 
cooking in fresh and reused cooking oil, and during frozen storage. J. Food Sci. 
41, 598-601. 
Lee, Y.B., Elliott, J.G., Rickansrud, D.A. and Hagberg, E.C. (1978). Predicting protein 
efficiency ratio by the chemical determination of connective tissue content in meat. 
J. Food Sci. 43, 1359-1362. 
Lee, Y.B., Hargus, G.L., Kirkpartrick, J.A., Bernet, D.L. and Forsythe, R.H. (1975). 
Mechanism of lipid oxidation in mechanically deboned chicken meat. J. Food Sci. 
40, 964-967. 
Lillard, H.S. (1977). Effect of freezing on incidence and levels of Clostridium 
perfringens in mechanically deboned chicken meat. Poultry Sci. 56, 2052-2055. 
Lin, S.W. and Chen, T.C. (1989). Yield, color and compositions of washed, kneaded and 
heated mechanically deboned poultry meat. J. Food Sci. 54, 561-563. 
Liu, Y.M., Lin, T.S. and Lanier, T.C. (1982). Thermal denaturation and aggregation of 
actomyosin from Atlantic croaker. J. Food Sci. 47, 1916-1920. 
Low, R.B. and Rich, A. (1973). Myoglobin biosynthesis in the embryonic chick. 
Biochemistry 12, 4555-4559. 
Lowry, O.H., Rosenbrough, M.J., Farr, A.L. and Randall, R.J. (1951). Protein 
measurement with the Folio phenol reagent. J. Bioi. Chem. 193, 265-275. 
Lyon, C.E., Lyon, B.G. and Hudspeth, J.P. (1981). Effects of using mechanically deboned 
meat from broiler breast frames and isolated soy-protein on objective and sensory 
characteristics of poultry rolls. Poultry Sci. 60, 584-590. 
MacNeil, J.H. and Mast, M.G. (1980). Quality and sensory characteristics of mechanically 
deboned spent layer meat chilled with liquid nitrogen and carbon dioxide "snow". 
J. Food Sci. 45, 645-647, 651. 
120 
MacNeil, J.H., Dimick, P.S. and Mast, M.G. (1973). Use of chemical compounds and a 
rosemary spice extract in quality maintenance of de boned poultry meat. J. Food 
Sci. 45, 1080-1081. 
McNeil, J., Kakuda, Y. and Findlay, C. (1987). Effect of modified atmosphere 
blending on the oxidative stability and color of frozen mechanically separated 
poultry meat. J. Food Sci. 52, 568-570, 583. 
MacNeil, J.H., Mast, M.G. and Leach, R.M. (1978). Protein efficiency ratio and levels 
of selected nutrients in mechanically deboned poultry meat. J. Food Sci. 43, 864-
865, 869. 
Maesso, E.R., Baker, R.C. and Vadehra, D.V. (1970a). The effect of vacuum, pressure, 
pH and different meat types in the binding ability of poultry meat. Poultry Sci. 
49, 697-700. 
Maesso, E.R., Baker, R.C., Bourne, M.C. and Vadehra, D.V. (1970b). Effect of some 
physical and chemical treatments on the binding ability of poultry loaves. J. Food 
Sci. 35, 440-443. 
Mast, M.G. and Macneil, J.H. (1975). Heat pasteurization of mechanically deboned 
poultry meat. Poultry Sci. 54, 1024-1030. 
Mast, M.G., Jurdi, D. and MacNeil, J.H. (1979). Effects of C02-snow on the quality and 
acceptance of mechanically deboned poultry meat. J. Food Sci. 44, 346-354. 
Mast, M.G., Uijttenboogaart, T.G., Gerrits, A.R. and deVries, A.W. (1982). Effect of 
auger- and press-type mechanical deboning machines on selected characteristics 
of mechanically deboned poultry. J. Food Sci. 47, 1757-1762. 
Maurer, A.J. (1973). Emulsifying characteristics of mechanically and hand deboned 
poultry meat mixtures. Poultry Sci. 52, 2061. 
Maxcy, R.B., Froning, G.W. and Hartung, T.E. (1973). Microbial quality of ground 
poultry meat. Poultry Sci. 52, 486-491. 
Mayfield, T.L., Hale, K.K. Jr., Rao, V.W.M. and Angulo-Chacon, I.A. (1978). Effects 
of levels of fat and protein on the stability and viscosity of emulsions prepared 
from mechanically deboned poultry meat. J. Food Sci. 43, 197-201. 
121 
McCready, S.T. and Cunningham, F.E. (1971). Salt-soluble proteins of poultry meat. 1. 
Composition and emulsifying capacity. Poultry Sci. 52, 486-491. 
McMahon, E.F. and Dawson, L.E. (1976). Effects of salt and phosphates on some 
functional characteristics of hand and mechanically deboned turkey meat. Poultry 
Sci. 55, 573-578. 
Megard, D., Kitabatake, M. and Cheftel, J.C. (1985). Continuous restructuring . of 
mechanically deboned chicken meat by HTST extrusion-cooking. J. Food Sci. 
SO, 1364-1369. 
Moerck, K.E. and Ball, H.R. Jr. (1973). Lipids and fatty acids of chicken bone marrow. 
J. Food Sci. 38, 978-980. 
Moerck, K.E. and Ball, H.R. Jr. (1974). Lipid autoxidation in mechanically deboned 
chicken meat. J. Food Sci. 39, 876-879. 
Mott, E.L., MacNeil, J.H., Mast, M.G. and Leach, R.M. (1982). Protein efficiency ratio 
and amounts of selected nutrients in mechanically deboned spent layer meat. J. 
Food Sci. 47, 655-656, 663. 
Munro, H.M. and Fleck, A. (1969). Analysis of tissues and body fluids for nitrogenous 
constituents. In Mammalian Protein Metabolism vol3. ed. H.N. Munro. Academic 
Press, New York, pp. 423-525. 
Murphy, E.W., Brewington, C.R., Willis, B.W. and Nelson, M.A. (1979). Health and 
safety aspects of the use of mechanically de boned poultry. Food Safety and Quality 
Service, USDA. Washington, DC. 
Nahapetian, A. and Bassiri, A. (1975). Changes in concentrations and interrelationships 
of phytate, phosphorus, magnesium calcium and zinc in wheat during maturation. 
J. Agric. Food Chern. 23, 1179-1182. 
Newman, P.B. (1983). The mechanical recovery of meat- A new look at the technology. 
In Upgrading Waste for Feeds and Food. eds. D.A. Ledward, A.J. Taylor and R.A. 
Lawrie. Butterworths, London, pp. 93-114. 
122 
Okada, M. (1992). History of surimi technology in Japan. In Surimi Technology, eds. T.C. 
Lanier and C.M. Lee. Marcel Dekker Inc., New York, pp. 3-21. 
Opstvedt, J., Miller, R., Hardy, R.W. and Spinielli, J. (1984). Heat induced changes in 
sulfhydryl groups and disulfide bonds in fish proteins and their effect on protein 
and amino acid digestibility in rainbow trout (Salmo gairdneri). J. Agric . Food 
Chern. 32, 929-935. 
Orr, H.L. and Hogan, W.G. (1979). Emulsifying characteristics and composition of 
mechanically deboned chicken necks and backs from different sources. Poultry 
Sci. 58, 577-579. 
Ostovar, K., MacNeil, J.H. and O'Donnell, K. (1971). Poultry product quality 5. 
Microbiological evaluation of mechanically deboned poultry meat. J. Food Sci. 
36, 1005-1007. 
Pearson, A.M. (1981). Meat and health. In Developments in Meat Science-2. ed. 
R.Lawrie. Applied Science Publishers, London, pp. 241-251. 
Penke, B., Ferenczi, R. and Kovacs, K. (1974). A new acid hydrolysis method for 
determining tryptophan in peptides and proteins. Anal. Biochem. 60, 45-50. 
Pigott, G.M. and Tucker, B.W. (1990). Seafood: Effects of Technology on Nutrition. 
Marcel Dekker, Inc. New York, pp. 227-229. 
Pikul, J. and Kurnrnerow, F.A. (1990). Relative role of individual phospholipids on 
thiobarbituric acid reactive substances formation in chicken meat, skin and swine 
aorta. J. Food Sci. 55, 1243-1248, 1254. 
Pikul, J. and Niewiarowicz, A. (1988). Composition and stability of mechanically deboned 
chicken meat. Arch. Geflugelk. 52(5), 188-192. 
Pikul, J., Leszczynski, D.E. and Kurnrnerow, F.A. (1984). Relative role of phospholipids, 
triacylglycerols and cholesterol esters on malonaldehyde formation in fat extracted 
from chicken meat. J. Food Sci. 49, 704-708. 
Pomeranz, Y. (1985). Functional Properties of Food Components. Academic Press Inc. 
Orlando, FL, pp. 377-464. 
123 
Raccach, M. (1977). The control of spoilage and pathogenic microorganisms in poultry 
meat by lactic acid bacteria. Ph. D. Thesis. Cornell University, Ithaca, NY. 
Raccach, M. and Baker, R.C. (1978a). The effect of lactic acid bacteria on properties of 
mechanically deboned poultry meat. Poultry Sci. 58, 144-147. 
Raccach, M. and Baker, R.C. (1978b). Lactic acid bacteria as an antispoilage and safety 
factor in cooked mechanically deboned poultry meat. J. Food Protect. 41: 703-705. 
Regenstein, J.M. and Regenstein, C.E. (1984). Food Protein Chemistry: An Introduction 
for Food Scientists. Academic Press Inc. Orlando, FL, pp. 75, 314. 
Resurreccion, A.V.A. and Reynolds, A.E. Jr. (1990). Evaluation of natural antioxidants 
in frankfurters containing chicken and pork. J. Food Sci. 55, 629-631, 654. 
Rhee, K.S., Dutson, T.R., Smith, G.C., Hostetler, R.L. and Reiser, R. (1982a). Cholesterol 
content of raw and cooked beef longissimmus muscles with different degrees of 
marbling. J. Food Sci. 47, 716-719. 
Rhee, K.S., Dutson, T.R. and Smith, G.C. (1982b). Effect of changes in intermuscular 
and subcutaneous fat levels on cholesterol content of raw and cooked beef steaks. 
J. Food Sci. 47, 1638-1642. 
Rudel, L.L. and Morris, M.D. (1973). Determination of cholesterol using o-
phthalaldehyde. J. Lipid Res. 14, 364-366. 
Saffle, R.L. (1973). Quantitative determination of combined hemoglobin and myoglobin 
in various poultry meats. J. Food Sci. 38, 968-970. 
Sarwar, G., Peace, R.W. and Botting, H.G. (1985). Purine content and protein quality of 
mechanically separated poultry meat products produced in Canada. Can. Inst. Food 
Sci. Techno/. J. 18, 251-255. 
SAS Institute Inc. (1990). Statistical Analysis System User's Guide: Basic Statistics. SAS 
Institute Inc., Cary, NC. 
Satterlee, L.D., Froning, G.W. and Janky, D.M. (1971). Influence of skin content on 
composition of mechanically deboned poultry meat. J. Food Sci. 36, 979-981. 
124 
Savaiano, D.A., Salati, L.M., Rosamond, W.D., Salinsky, J. and Willis, B.W. (1983). 
Nucleic acid, purine and proximate analysis of mechanically separated beef and 
veal. J. Food Sci. 48, 1356-1357. 
Schmidt, G. and Thanhauser, S.J. (1945). A method for detennination of deoxyribonucleic 
acid, ribonucleic acid and phospho-proteins in animal tissues. J. Bioi. Chem . 161, 
83-89. 
Schmidt, G.R., Mowson, R.F. and Siegel, D.G. (1981). Functionality of a protein matrix 
in comminuted meat products. Food Techno/. 35(5), 236-237, 252. 
Schnell, P.G., Nath, K.R., Darfler, J.M., Vadehra, D.V. and Baker, R.C. (1973). Physical 
and functional properties of mechanically deboned poultry meat as used in the 
manufacture of frankfurters. Poultry Sci. 52, 1363-1369. 
Schnell, P.G., Vadehra, D.V. and Baker, R.C. (1970). Mechanism of binding chunks of 
meat. 1. Effect of physical and chemical treatments. Can. Inst. Food Sci. Techno/. 
J. 3, 44-48. 
Schnell, P.G., Vadehra, D.V. and Baker, R.C. (1971). Physical, chemical and functional 
properties of mechanically deboned chicken meat. 3. Effect of heating. Poultry 
Sci. SO, 1628-1631. 
Schnell, P.G., Vadehra, D.V., Hood, L.R. and Baker, R.C. (1974). Ultrastructure of 
mechanically deboned poultry meat. Poultry Sci. 53, 416-419. 
Schuler, G.A. (1985). Variations in mechanically deboned poultry meat explained. Nat. 
Prov. 192, 18-25, 34. 
Shahidi, F. (1989). Flavor of cooked meats. In Flavor Chemistry: Trends and 
Developments, eds. R. Teranishi, R.G. Buttery and F. Shahidi. ACS Symposium 
series 388. American Chemical Society, Washington, DC, pp. 188-201. 
Shahidi, F., Rubin, L.J. and Wood, D.P. (1987). Control of lipid oxidation in cooked 
ground pork with antioxidants and dinitrosyl ferro hemochrome. J. Food Sci. 52, 
564-567. 
Shahidi, F. and Synowiecki, J. (1991). Cholesterol content and lipid fatty acid 
composition of processed seal meat. Can. Inst. Food Sci. Techno/. J. 24, 269-272. 
125 
Shahidi, F., Synowiecki, J. and Onodenalore, A.C. (1992). Effects of aqueous washings 
on colour and nutrient quality of mechanically deboned chicken meat. Meat Sci. 
32, 289-297. 
Siegel, H.S. and Latimer, J.W. (1971). Effects of ACfH, cortisol and low environmental 
temperatures on the tibia lipids of growing chickens. Poultry Sci. 50, 1631. 
Simon, A. and Gandemer, G. (1986). Comparative study of lipids from chicken and pork 
mechanically deboned meat (MDM). 32nd European Meeting of Meat Research 
Workers: proceedings. August 22-29. 11, 8 381-384. 
Snedecor, G.W. and Cochran, W.G. (1980). Statistical Methods, 7th ed. The University 
Press, Ames, 10. 
Stadelman, V.M., Olson, V.M., Shemwell, G.A. and Pasch, S. (1988). Egg and Poultry-
Meat Processing. Ellis Horwood Ltd., Chichester, England, pp. 138-160. 
Statistics Canada (1991). Production of poultry and eggs. Catalogue No. 23-203, Ottawa. 
Stocchi,V., Cucchiarini, L., Canestrari, F., Piacentini, M.P. and Forrnaini, G. (1987). A 
very fast ion-pair reversed-phase HPLC method for separation of the most 
significant nucleotides and their degradation products in human red blood cells. 
Anal. Biochem. 167, 181-196. 
Swift, C.E., Lockett, C. and Fryas, A.J. (1961). Comminuted meat emulsions - The 
capacity of meats for emulsifying fat. Food Techno/. 15(11), 468-473. 
Swingler, G.R. (1984). Microbiology of meat industry by-products. In Meat Microbiology. 
ed. M.H. Brown. Elsevier Applied Science, London, pp. 179-224. 
Synowiecki, J. and Shahidi, F. (1992). Nucleic acid content of seal meat. Food Chern. 
43, 275-276. 
Synowiecki, J. and Sikorski, Z.E. (1988). Heat induced changes in thiol groups in squid 
proteins. J. Food Biochem. 12, 127-135. 
Tarladgis, B.G., Pearson, A.M. and Dugan, L.R. Jr. (1964). Chemistry of the 2-
thiobarbituric acid test for determination of oxidative rancidity in foods. IT -
126 
Formation of the TBA-malonaldehyde complex without acid-heat treatment. J. Sci. 
Food Agric. 15, 602-607. 
Townsend, W.E., Witnauer, L.P., Riloff, J.A. and Swift, C.E. (1968). Comminuted meat 
emulsions: Differential thermal analysis of fat transitions. Food Techno/. 22, 319-
323. 
Uebersax, K.L., Dawson, L.E. and Uebersax, M.A. (1977). Influence of "C02-Snow" 
chilling on TBA values in mechanically deboned chicken meat. Poultry Sci. 56, 
707-709. 
Uebersax, M.A., Dawson, L.E. and Uebersax, K.L. (1978). Evaluation of various mixing 
stresses on storage stability (TBA) and color of mechanically deboned turkey meat. 
Poultry Sci. 57, 924-929. 
Vadehra, D.V. and Baker, R.C. (1970). Physical and chemical properties of mechanically 
deboned poultry meat. Poultry Sci. 49, 1446-1450. 
Vadehra, D.V., Bower, R., Rattrice, N. and Baker, R.C. (1972). Chemical composition 
and the nature of proteins in mechanically deboned meat waste. Poultry Sci. 51, 
1881. 
Warris, P. (1976). The quantitative determination of haemoglobin in bovine muscles. 
Anal. Biochem. 72, 104-112. 
Waslein, C.l., Colloway, D.H. and Morgan, S. (1968). Uric acid production of men fed 
graded amounts of egg protein. Am. J. Clin. Nutr. 21, 892-895. 
Watts, B.M. (1962). Meat products. In Symposium on Foods: Lipids and Their Oxidation 
eds. H.W. Schultz, E.A. Day and R.O. Sinnhuber. The Avi Publishing Co. Inc. 
Westport, Cf, pp. 202-214. 
Wheeler, T.L., Seideman, S.C., Davis, G.W. and Rolan, T.L. (1990). Effect of chloride 
salts and antioxidants on sensory and storage traits of restructured beef steaks. J. 
Food Sci. 55, 1274-1277. 
Yang, T.S. and Froning, G.W. (1992). Changes in myofibrillar protein and collagen 
content of mechanically deboned chicken meat due to washing and screening. 
Poultry Sci. 71, 1221-1227. 
127 
Young, L.L. (1975). Aqueous extraction of protein isolate from mechanically deboned 
poultry meat. J. Food Sci. 40, 1115-1118. 
Young, L.L. ( 1980). Evaluation of four purine compounds in poultry products. J . Food 
Sci. 45, 1064-1065, 1067. 
Young, L.L. (1985). Nucleic acid and purine content of the bone residue from a 
mechanical poultry deboning machine. Poultry Sci. 64, 660-663. 
Young, L.L. and Lyon, B.G. (1973). The use of heat treated meat in chicken frankfurters. 
Poultry Sci. 52, 1868. 
APPENDIX 
128 
0.25 
E 
c: 0.20 0 
en 
~ 
-ns 
Q) 0.15 (,) 
c: 
ns 
.D 
~ 
0 
0.10 (/) 
..0 
<( 
0.05 
2 4 6 8 10 
DNA (pg) 
Figure A.l Graph of standard line of deoxyribonucleic acid (DNA) concentration 
dependance on absorbance at 490 run. 
A.l Deoxyribonucleic acid (DNA) estimation 
Regression coefficient (r) = 0.998 
Equation of the line was Y = aX + b where, 
Y =absorbance at 490 run (A,.90) 
X= concentration of DNA in pg (C) in 1 mL extract 
a= 0.024 
b = 0.0 
A490 = 0.024*C 
Since 5 mL of the initial 100 mL of homogenate was used for analysis, therefore, the 
concentration of DNA (mg) in 50 mL total extract= 41.66A490 
Since W grams of meat was used for the analysis, DNA content in sample 
= 41.66A.oofW (mg/g sample). 
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A.2 Ribonucleic acid (RNA) estimation 
1 mg RNA= 16.5 absorbance units at 260 nm 
A260 = 0.16*C 
Hence C = 0.016A260 
Since 5 mL of the initial 100 mL homogenate was used for analysis, 
therefore, the concentration of RNA (mg) in 100 mL extrtact = 60.6~60• 
Since W grams of meat was used for the analysis, RNA content in sample 
= 2*60.6A2,JW (mg/g sample). 
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Figure A.3 Graph of standard line of protein concentration dependance on 
absorbance at 750 run. 
A.3 Protein estimation 
Regression coefficient (r) = 0.995 
Equation of the line was Y = aX +b where 
Y =absorbance at 750 run (A7.50) 
X= concentration of protein in pg (C) 
a= 0.003 
b = 0.009 
A7~ = 0.003 + 0.009*C 
Therefore, C = 83.33A7~ (pg protein) 
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Figure A.4 Graph of standard line of cholesterol concentration dependance on 
absorbance at 550 nm. 
A.4 Cholesterol estimation 
Regression coefficient (r) = 0.992 
Equation of the line was Y = aX+b where, 
Y =absorbance at 550 nm (A330) 
X = concentration of cholesterol in pg (C) 
a= 0.022 
b = 0.0 
A 330 = 0.022*C 
Therefore, concentration of cholesterol (pg) in 0.2 mL CHC13 extract was, 
C = 45.45A330 
Hence, cholesterol content (mg/lOOg) sample = 45.45~30 *F 
where F = Total volume of CHC13 extract x Volume of hexane N olume of CH03 used 
for analysis x 1000 x weight of sample (g). 
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Figure A.5 Graph of standard line of sulphydryl groups concentration dependance on 
absorbance at 412 run. 
A.S Sulphydryl groups estimation 
Regression coefficient (r) = 0.998 
Equation of the line was Y = aX +b where, 
Y =absorbance at 412 run (A41J 
X= concentration of sulphydryl groups (SH) in pmoles (C) 
a= 0.339 
b = 0.0 
A412 = 0.339*C 
Therefore, C = 2.95A412 
Since M grams of meat was used for the analysis and protein content of the sample was 
Z, Sulphydryl group content in sample= 2.95A,.1JMZ (pmoles SH/g protein). 
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Figure A.6 Graph of standard line of 2-Thiobarbituric acid (fBA) 
concentration dependance on absorbance at 532 run. 
A.6 Tbiobarbituric acid (TBA) value estimation 
Regression coefficient (r) = 0.998 
Equation of the line was Y = aX +b where, 
Y =absorbance at 532 run 
X= concentration of malonaldehyde in 5 mL distillate pg (C) 
a=0.117 
b = 0.0 
As32 = 0.117*C 
Therefore, C = 8.54A532 
4 
Since W grams of sample was used for distilling 50 mL, the TBA value 
= 8.54As32 x 10/W (mg malonaldehyd.e equivalents/kg sample). 



